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Wy HETHER it be for a 


pilot plant or a 10,000 barrel com- 
bination unit—in fact any refinery 
control job, from power plant to 
tank farm, there is a Masoneilan 
control valve specifically designed 
and built for your operating con- 
ditions. Each is a development of 
Masoneilan practical engineering 
based on years of close contact with 
your problems—each has the char- 
acteristics required on the job it is 
designed for—each is carefully built 
of the most suitable materials. 


Thousands of Masoneilan Control 
Valves are demonstrating their 
superior performance, longer life 
and minimum maintenance costs 
every day wherever refineries and 
gasoline plants are built. Keep your 
units on stream longer and minim- 
ize your own headaches by specify- 
ing Masoneilan Control Valves for 
all refinery requirements. Data on 
any of the many available types, sent 
promptly on request. 





Standard Types with or without air- 
fin bonnet, with or without the unique 
Masoneilan manual operating unit. 
Designed for the normal applications 
involving clean or semi-clean fluids, 
intermediate pressure drops and 
velocities. 


we 


Pilot Plant Types, handling drops 
instead of barrels at pressure drops 
from ounces to 6,000 Ibs. With trim 
designed specifically for each indi- 
vidual application. These shown are a 
few of the many types that have been 
built. 
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ive all the spectacular promises of the defense 
program, the domestic market is still the source 
to which the refining industry must look for its 
profits. Unless it gears its operations to the de- 
mands of gasoline and distillate, there is little 

prospect of profit from 


. the special products, 
Domestic Demand which military needs 


Still Foremost oltec 


The immediate ques- 
tion before the industry is what to do about the 
furnace distillate season, the period from Octo- 
ber 1 to April 1. For several years the industry 
failed to provide sufficient stocks to meet the ab- 
normal increases in distillate consumption. This 
seems to have changed for the present and the 
refiner who goes into distillate production in an- 
ticipation of trends similar to recent winter sea- 
sons will be bucking a larger inventory. 

At the end of March, 1940, the industry had 
distillate stocks of 23,500,000 barrels, 9,500,000 
barrels in California and 14,000,000 east of the 
Rocky Mountains. September 30, however, this 
had increased to total distillate stocks of 48,- 
000,000 barrels, with 37,000,000 barrels east of 
the Rocky Mountains. The gasoline consuming 
season of 1940 had put 24,500,000 barrels of fur- 
nace distillate in tanks and 23,000,000 barrels of 
this had been added in the eastern part of the 
United States. 

By comparison with September 30, 1939, the 
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industry has increased its distillate stocks by 
10,000,000 barrels and practically all of this ma- 
terial is east of California. The increase is al- 
most 30 percent above last year. In terms of the 
winter demand, both domestic and foreign, the 
stocks are almost 10 percent higher than the pre- 
vious year. This means that the industry could 
meet an increase of 10 percent in distillate re- 
quirements simply by maintaining its output of 
this product at the rate of last winter. 

By continuing the high percentage of distillate 
recovery that has prevailed this year, a percent- 
age that should be increased to 15 percent of 
crude charge, the industry could satisfy the dis- 
tillate demand at a lower total refinery through- 
put. Various authorities estimate that not more 
than 3,400,000 barrels of oil should be charged 
daily during the winter. East of California total 
throughput should be no higher than 2,900,000 
barrels. This rate of operation with 15 percent 
of the total converted into distillate should pro- 
vide adequate light fuel oils in the light of the 
increase in stocks from the summer gasoline 
season. 

This level of refinery operation is 200,000 bar- 
rels lower than the throughput of September. 
Since California operates at around 500,000 bar- 
rels daily the reduction should be in the remain- 
ing refining centers. 

Another fact to support curtailment is the gaso- 
line stock situation, now 82,000,000 barrels, 11,- 
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000,000 barrels higher than last year. If the in- 
dustrp is to get its gasoline house in order it can 
not afford to accumulate heavy supplies during 
the winter. Daily throughput of not more than 
3,400,000 barrels should result in no more than 
7,000,000 barrels of gasoline going into storage 
prior to April 1, 1941. 

This is the statistical situation, something each 
executive should study as he fixes policy for 
plant operation during the winter. 


Phas in its political applications does the anti- 
trust suit against the petroleum industry make 
sense. Although the plea to the public is without 
logic, it may appeal to voters. Thus an administra- 
tion, whose drive toward national defense is 
painted as little short of holy, stoops to the doubt- 
ful position of hampering 
an industry in the hope that 
the act will be accepted by a 
worshiping public. 

For instance, in his statement to the public the 
attorney general said that success for the litigation 
would bring the following conflicting benefits: 

“Independent producers should receive higher 
prices for their crude oil and independent refiners 
should be able to compete with the major oil com- 
panies. With competition restored to the oil in- 
dustry, gasoline, fuel oils, kerosene and lubricants 
should be sold at lower prices to the consumer, 
who should then receive the benefits of techno- 
logical improvements and the opportunity to pur- 
chase a variety of products.” 

It would be fortunate if the government would 
strive to maintain that position in court. Even a 
friendly court might find it difficult to understand 
how a higher price could be paid for raw material 
and a lower price accepted for the finished product. 
The position does not have logic. It does, however, 
fit into the trend at Washington, which has for 
seven years been assuring a public that the way 
to have more is to produce less. 

That part of the statement is for the public. 
The plea to the court will be on other grounds. 
One of these is that the industry is without compe- 
tition. Evidently this implies that gasoline goes to 
the public at fixed prices. 

Recently, this writer completed more than 5000 
miles of driving in 19 states. From 32 sales records 
in hand, the record shows that the price of gaso- 
line varies from 15% cents to 25 cents a gallon, a 
range far too wide to be accounted for in the 
difference in tax and transportation. If there is 
collusion in price fixing, it ceases to exist at the 
pump, which is where the public meets the oil 
industry. 

Another plea for the court will be that the in- 
dustry has failed to give the public the benefit of 
technological development. But gasoline is one 


Oil for the 
Voting Machine 
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product whose retail price has gone downward 
steadily over the last 20 years, the period in which 
the industry has made its technological develop- 
ment. That, plus the lower cost of raw material, 
has permitted the decreasing price, despite increas- 
ing taxes. 

Most glaring of the inconsistencies of the suit is 
the contention that restrictions on crude oil pro- 
duction and the manufacture of finished material 
has been “accomplished in part through a system 
of reports to the American Petroleum Institute, 
covering the amounts and locations of all stocks 
of petroleum products owned or held by each of 
the defendants.” 

Dissolution of the American Petroleum Institute 
is sought because of this charge. 

Why the industry would set up an organization 
for this purpose is beyond reason. Through the 
government itself, the industry has figures, which 
are offered as recommendations of current oil field 
production. The Department of Justice should 
consult the Department of Interior, whose Bureau 
of Mines, not only publishes figures but recom- 
mends rates of production for each state. It is 
upon these that state conservation authorities are 
asked to base orders of proration. 

The whole petition is so filled with incon- 
sistencies that under conditions of fair play and 
straight thinking the industry could afford to 
laugh as it prepares its defense. But the govern- 
ment of the United States is not one of logic or 
fair play. On that account the anti-trust litigation 
is nothing to be taken lightly. Controlled courts 
and an administration bent on perpetuating itself 
are a combination that defy proof and logic. 

The suit is being offered in a form not to inter- 
fere with national defense, since divorcement of 
pipe lines is not being sought. Instead, three suits 
against pipe-line control by three integrated con- 
cerns will be instituted at different points. 

What the litigation will do to national defense 
remains to be seen. It seems reasonable, however, 
that whatever time executives are required to 
spend on the witness stand will be time away from 
directing the output of materials the national 
defense program demands. 

The pitiful prospect is that a public, which trusts 
rather than reasons, will hail the move as the 
signal for cheaper. gasoline. Whether independent 
oil producers will be gullible enough to accept 
higher crude oil prices and lower gasoline prices 
from the suit is doubtful. Meanwhile, the man who 
is in business may not consider his activity a 
crime, but he well may wonder if it is not a foolish 
adventure. 

Just as the individual is cautioned about having 
his cake and eating it, government may come to 
the day when it realizes that it can not have an 
industry which has been devoured. 
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‘Te paper presents the results of a thoroughly 
unorthodox approach to the synthetic rubber prob- 
lem. In developing their new butyl rubber, Esso 
Laboratories have turned to simple olefins rather 
than diolefins or more complicated chemical deriv- 
atives as the main raw material, Not only is this an 
economic advantage, but the ready availability of 
such simple olefins from refinery cracking opera- 
tions makes the process seem attractive from the 
standpoint of potential supply of synthetic rubber. 

As only the limited amount of unsaturation re- 
quired for curing with sulfur has been provided, 
the vulcanizates are substantially saturated and 
therefore possess the chemical stability character- 
istic of a paraffin hydrocarbon. In spite of this 
radical difference in internal structure, the polymer 
can be processed in much the same manner as 
natural rubber, and the physical properties of 
natural rubber have been retained to a surprising 
extent. Because of the low degree of unsaturation 
and consequent chemical inertness, the available 
information indicates that butyl rubber will be 
superior to natural rubber for many purposes. 

This paper was part of the program of the annual 
meeting of the American Chemical Society in De- 
troit, September 9 to 13, 1940. It is offered through 
the courtesy of Industrial and Engineering Chemis- 
try, October, 1940. 

At right is a view of a semi-commercial butyl 
rubber plant. 
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Butyl Rubber 
A New Hydroearbon Product 


te present distinction between the thoughts ex- 
pressed by the terms “synthetic rubber” and “rubber 
synthesis” are indicative of the changes in viewpoint 
upon which current progress in the duplication of 
rubber-like properties is based. For almost 50 years 
after the discovery by Williams*® that isoprene is the 
fundamental structural unit of rubber, research was 
lirected toward rubber synthesis. Bouchardat?, Til- 
len??, Wallach**, Hoffman’**, Matthews**, and Har- 
ries’? all made valuable contributions to the chemis- 
iry of rubber-like products from isoprene. That none 
f them accomplished the purpose of synthesizing 
ubber is an accepted fact. 

In the preparation of a rubber-like material from 
cimethylbutadiene, Kondakow** departed from class- 
ical attempts at rubber synthesis and laid the founda- 

on for the first commercial “synthetic rubber,’’® the 
rerman wartime “methyl rubber.” 


R. M. THOMAS, I. E. LIGHTBOWN, W. J. SPARKS, 
P. K. FROLICH, and E. V. MURPHREE 


Esso Laboratories, 
Standard Oil Development Company, 
Elizabeth, New Jersey 
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The tradition that rubber properties were related 
to high unsaturation persisted and has led to num- 
erous theories” ** *° of elastic behavior based on geo- 
metric structures resulting from unsaturated link- 
ages. Whitby® and Staudinger®® questioned the im- 
portance of unsaturation in determining rubber-like 
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behavior but encountered some difficulty in finding 
adequate support for this view, owing to the poor 
elastic properties of the practical examples available 
to them. Our studies on polymers of the simple 
mono-olefins, which have been in progress for the 
past ten years, have led to some interesting con- 
clusions in regard to this point. It was shown” that 
high-molecular-weight linear polymers derived from 
simple olefins, such as the butylenes, possess a 
majority of the properties characteristic of rubber. 
Only the susceptibility to chemical action can def- 
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Effect of Unsaturation of Butyl A on Rate of Cure at 150° C. 
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initely be attributed to the unsaturation of the 
natural rubber molecule. Physical properties which 
appear not to be intrinsically dependent upon the 
carbon-double bond-carbon configuration are: tensile 
strength, elasticity, rebound, elastic memory, x-ray 
structure, mechanical orientation, electrical proper- 
ties, and fractional solubility. It was, however, con- 
clusively demonstrated that the saturated polymers 
are not capable of vulcanization in conventional 
manner. 

From these and other studies it is concluded that 
the chemical unsaturation, which is so important 
from the standpoint of permitting vulcanization to 
take place, is also the greatest weakness of the na- 
tural rubber molecule. The reason for this is that in 
the case of soft goods, which represent by far the 
major outlet for rubber, only a fraction of the avail- 
able double bonds is utilized in the vulcanization 
with sulfur. The low but definite consumption of 
unsaturation during vulcanization of rubber was first 
pointed out in 1912 by Spence and Scott®*. Their con- 
clusions were further confirmed by Boggs and Blake? 
and by Brown and Hauser.’ The latter showed that 
there is evidence of overcuring after as little as 2 to 
3 percent of the unsaturation has been used up. The 
large residual unsaturation is responsible for the 
pronounced chemical reactivity of soft rubber goods. 
It is this unsaturated character which makes natural 
rubber so susceptible to oxidation with consequent 
deterioration on aging and disintegration when sub- 
jected to the action of ozone. It is also responsible 
for its lack of resistance to such chemical agents as 
strong mineral acids, and also to its lack of heat 
stability under oxidizing conditions. 
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TABLE I 
Effect of Accelerators on Vulcanization of Butyl Rubber 











Accelerator Condition of Cure 
Tetrammtnitirams Giemifide ... . . oo... cc cies eas cccesccne Good 
0 Seer eer eee eee ee Good 


sn 5 5k Gable Guiei8 ko 0-0 4b bo Oe sia 

Piperidinium pentamethylene dithiocarbamate.............. Poor 

Thiocarbanilide. 

Benzothiazyl! disulfide + diphenylguanidine................ 

Mercaptobenzothiazole (Captax) + tetramethylthiuram 
| Er haired nie ee eee 








We are therefore confronted with a property of 
natural rubber on which it should be possible to 
effect a major improvement by synthetic methods. 


General Description of Butyl Rubber 


With the foregoing considerations in mind, we 
approached the problem of producing a polymeric 
material having only the limited amount of unsat- 
uration required for vulcanization— but no more. 
Upon completion of the curing operation, such a 
product should give a rubber with substantially no 
unsaturation and therefore with the chemical stabil- 
ity characteristic of a saturated paraffin hydrocarbon. 

Researches undertaken to this end in the Esso 
Laboratories have led to the development of butyl 
rubber, which is a co-polymer of olefins with small 
amounts of diolefins. This program has been carried 
through entirely independent of any other synthetic 
rubber development either in this country or abroad. 

The technique employed in this polymerization can 
best be made the subject of separate discussions. 
However, anyone familiar with hydrocarbon chemis- 
try will appreciate the economic advantage of being 
able to utilize largely a simple olefin rather than a 
diolefin as the raw material in this synthetic rubber 
process. 

The designation “butyl rubber” must be considered 
a generic term, for by varying the olefinic and diole- 
finic materials employed, it has been found possible 
to obtain products that differ considerably in their 
detailed properties, even though the basic charac- 
teristic remains the same in so far as the limited un- 
saturation is concerned. 

In the discussion which follows, however, the name 
will be used less broadly to describe a 100 percent 
petroleum hydrocarbon product with an unsaturation 
corresponding to between 1 and 2 percent of that 
found in natural rubber, as determined by iodine 
number, and with a molecular weight in the general 
range of 40,000 to 80,000 as determined by viscosity 
measurements on dilute solutions. Because of its 
freedom from impurities, in so far as these can be 
detected by ordinary chemical analysis, it is colorless 
and devoid of odor or taste. In appearance it re- 
sembles natural crepe rubber. Since it is an aliphatic 
hydrocarbon polymer, the density (0.91) approaches 
the minimum attainable for elastic materials of this 
type. 

Because the original unsaturation is very small, 
and because even this low unsaturation is greatly 
reduced (and may even be entirely eliminated) dur- 
ing the curing operation, vulcanized butyl rubber is 
extremely resistant to chemical attack. This is true 
because it has become, after vulcanization, not only 
a nonthermoplastic, strong elastic material, but also 
an essentially chemically saturated product as well. 
This means that, while from a physical standpoint 
vulcanized butyl rubber resembles soft vulcanized 
natural rubber, chemically it may be considered more 
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similar to ebonite. It is extremely resistant to acids 
(even concentrated sulfuric or nitric), to oxidation, 
to ozone, and to other deteriorating influences. Like 
natural rubber, butyl rubber is not resistant to ali- 
phatic hydrocarbons, but it does show a surprising 
resistance to benzene, ethylene dichloride, and oxy- 
genated solvents. 


Vulcanization 


In accordance with modern ideas of functionality 
and the fact that saturated polymers do not vulcanize 
by conventional methods‘, it is evident that vulcan- 
izability is not independent of unsaturation. This 
principle is illustrated by Figure 1 which shows the 
effect of double bonds on the rate of vulcanization 
of butyl rubber varieties of varying unsaturation, 
using typical polymers and a standard compounding 
formula. 
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Effect of Temperature on the Curing Rate of Butyl A. 


However, it will be appreciated that rate of vul- 

canization is not the only criterion of vulcanizability, 
and that the time to reach optimum cure as evidenced 
by tensile strength may bear little relation to prac- 
tical problems of utilization. Modern views of poly- 
merization phenomena‘ indicate that the functional- 
ity per molecule as well as percentage of functional 
groups on a weight basis is important. This is quali- 
tatively true for vulcanization of butyl rubber. The 
addition of certain foreign unsaturated materials 
having functionality toward sulfur produces unfavor- 
able results. For example, small amounts of oleic 
acid, dipentene, and even rubber itself have inter- 
fered with curing in various instances. On the other 
hand, butyl rubber appears to be without effect when 
added in small percentages to rubber. 
. The choice of accelerators is also an important 
problem in butyl rubber compounding. The resem- 
blance to rubber in this respect is limited to the fact 
that certain accelerators for rubber can be used. The 
data in Table I illustrate the behavior of some com- 
mon rubber accelerators when used in a particular 
butyl rubber stock. 
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TABLE II 
Effect of Temperature on Curing Rate of Butyl Rubber 











138° C. (280° F.) | 145° C. (293° F.) | 150° C. (302° F.) | 155° C. (311° F.) 
Cure Cure Cure Cure 
Tensile | Elonga- | Tensile | Elonga- | Tensile | Elonga- | Tensile | Elonga- 
Strength} tion | Strength] tion | Strength} tion |Strength| tion 
; Lb./sq. | Per- | Lb./sq.| Per- | Lb./sq.| Per- | Lb./sq.| Per- 
Cure, Min. in. cent in. cent in. cent in. cent 
Mii ccccesicast ae 
cured ae 1300 1270 2400 1130 2780 1070 
RA ae: 1400 1260 1970 1080 3350 1090 3540 1000 
_ AS. 2720 1180 2640 1000 3360 970 3510 980 
RSG aE RS 2930 1030 3360 980 3620 980 3640 970 





























A representative formula for butyl rubber com- 
pounds is as follows: butyl rubber 100.0, zinc oxide 
5.0, stearic acid 3.0, sulfur 3.0, Tuads 1.0. 

The temperature effective in curing butyl rubber 
into which have been compounded zinc oxide, stearic 
acid, sulfur, and accelerator is from a practical stand- 
point largely in the range between 140° and 200° C. 
(284° and 392° F.). Most of the results reported in 
this paper have been obtained when working with 
a curing temperature of 155°C. (311° F.). At this 
temperature the curing rate of the butyl rubber 
stock used for the data presented in Table II and 
Figure 2 is comparable with that of natural rubber 
which is being cured with, say, a guanidine or with a 
mercaptothiazole. 

No tendency to overcure is encountered in increas- 
ing the time from 1 to-2 hours in the 155° C, test. 
This observation is, of course, true for this particular 
type of butyl rubber, whereas other types may def- 
initely overcure under even milder conditions. 


Resistance to Aging and Other Chemical Action 


Dufraisse’ summarized his views on the oxidative 
character of rubber as follows: “It would be difficult 
to understand its behavior in air if one were to lose 
sight of the fact that its chemical structure makes it 
an essentially autoxidizable substance. Often dor- 
mant, its reactivity is always ready to be awakened 
at the first provocation.” 

The enormous literature on rubber aging cannot 
be summarized here. It is, however, a widely ob- 
served fact that two types of rubber deterioration 
occur—namely, tackiness and hardening. These dif- 
ferent phenomena are summarized from Staudinger’s 
work* as follows: “Every reaction which shortens 
the length of molecules liquefies the mass; and, con- 
versely, every reaction which lengthens the atomic 
chains tends to solidify the mass. These two actions 
correspond exactly to the chief transformations which 
rubber undergoes, which are nothing more than 
changes in consistency—viz., a fluidifying degrada- 
tion and a hardening.” 

Butyl rubber offers an opportunity of generically 
separating these phenomena. Butyl rubber varieties 
of low unsaturation undergo only the degradative or 
or softening type of deterioration under the severe 
influence of heat, light, and air. Since natural rubber 
predominantly undergoes hardening deterioration, 
this behavior must be due to unsaturation, and the 
action of butyl rubber confirms the following con- 
clusion of Dufraisse*: “Olefins are particularly sub- 
ject to this change (autoxidation) because of the 
tendency of the double linkage to become saturated 
by condensation ; this is also the case with substances 
having relatively large molecules, such as drving oils 
as well as the simple derivatives of ethylene.” 

By elimination of excessive unsaturation, the major 
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cause of rubber deterioration has been removed. In TABLE III 
Heat and Age Stability of Rubber and Butyl Rubber 


general, the use of age resisters is unnecessary since i 

butyl rubber vulcanizates may be even more resistant in Geer Oven 
to age deterioration than natural rubber containing 
the best antioxidants. If age resisters, such as phenyl 








Tensile Strength, Lb./Sq. In. 











B-naphthylamine, are used in butyl rubber of the 14 Days, | 7 Days, | 24 Hr., 
lowest unsaturation, the results are found to be some- _ Loading (on Total Gum) Original | Oven Oven Oven 
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what erratic, sometimes showing the addition of age 


resisters to be of benefit, sometimes of no benefit. In NATURAL RUBBER 







































































any event, the fortification of butyl rubber by age SE eter 3400 2500 0 (brittle) Melt 
resisters is not relatively so great as in natural rub- No. 2 pure gum (heat-resistant)|  270€ 2780 | O (brittle) | Melt 
ber, nor is it so important. This also means that age- 
resister staining is not a problem with butyl rubber. BUTYL RUBBER 
Laboratory aging tests have been conducted in & pure Gum.........ceecceeees 3500 3500 2870 Melt 
standard Bierer-Davis rubber aging bomb at a con- 85 percent Calcene........... 2300 2320 1800 Melt 
5 WHO roo LG 50 percent Gastex............ 2600 2300 2300 660 
stant temperature of 70° C. (158° F.), and an oxygen 85 percent Gastex............ 2000 1800 1800 670 
m ° ° mere « 
pressure of 300 pounds per square inch. The time of 38 Percent gas black’. .--.----) 3300 on ae A 
° 50 percent Zinc oxide......... 3340 2850 2040 Melt 
rd 85 percent Zinc oxide. ........ 3100 2000 2350 Melt 
. 50 percent P-33.............. 3000 2560 2000 440 
Co ORIG. eee Sy rr 2300 2C00 1870 620 
” 50 percent lithopone.......... 3300 3150 2300 Melt 
“ a 85 percent lithopone.......... 3000 2560 1870 Melt 
w 2400 
@ 
I on" * Cabot No. 9 gas black. 
= . . . . . 
f 2000 aging is 14 days. This prolonged bomb aging time 
© J 
< (considerably longer than that for natural rubber) is 
ee used because aging periods of 48,72, and 96 hours 
” 1600 are not sufficient to cause measurable deterioration. 
w a 14-DAY BOMB The age resistance of a 50 percent Calcene loaded 
7 stock is illustrated in Figure 3. Other butyl rubber 
S 1200 stocks are compared with rubber in Table III. 
- 20 30 40 50 60 While these results show that, in general, butyl 


rubber has excellent heat and age resistance, they 
FIGURE 3 also bring out the fact that, whereas the elevation in 


Effect of Loading (50 Per Cent Calcene) on Tensile Strength aging temperature from 70° to 100° C. (158° to 
of Butyl A. 212° F.) makes a great difference in the physical 
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FIGURE 4 
Resistance of Samples Exposed to Ozonized Air (0.22 Percent Ozone) 
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properties of natural rubber, it makes relatively little 
difference in the physical properties of butyl rubber. 

Specifically, if pure gum butyl rubber is compared 
with a pure gum heat-resisting natural rubber, it will 
be seen that from 2 weeks at 70°C. the tensile 
strength of neither stock has been decreased. But 
elevating the temperature to 100° C. ruins the natural 
rubber while the butyl rubber still retains most of its 
original tensile strength. 

Similarly, in sunlight only the depolymerization 
behavior of rubber is exhibited by butyl rubber. 
Where objectionable, this tendency can be overcome 
by loading with carbon black to the extent of some 
30 percent or more. Such samples have been found 
to have cracked less after 4 months of direct summer 
sunlight than are natural rubber tire tread samples 
exposed similarly for only a week. 

The catalytic aging effect of certain metals has 
also received wide attention’ 7°, As Table IV shows, 
butyl rubber, which has been mixed with copper, 
manganese, or cobalt salts, has approximately the 
same tensile strength after aging as before; rubber 
treated in the same way is completely deteriorated. 

As a comparison, 0.5 percent manganese phenol 
sulfide and 0.5 percent copper oleate were milled into 
natural rubber. After 14 hours (in comparison with 
? days for butyl rubber) in the Geer oven at 95°C. 
the tensile strength was so low it could not be deter- 
mined. In another experiment 1 percent cobalt phenol 
sulfide was added to a natural rubber composition, 
and the vulcanizate was aged in the Bierer bomb 
for 72 hours. At the end of this aging period the rub- 
ber sample had melted and fallen to the bottom of 
the bomb. It is apparent that the acceleration of 
aging by metallic catalysts is related to the presence 
of an excessive amount of unsaturation in the rubber 
molecule. 

That attack by ozone is characteristic of high un- 
saturation in the rubber molecule has been-adequately 
demonstrated by Harries®. In accordance with Staud- 
inger’s view** that only a very few scissions of large 
molecules will produce marked evidence of degrada- 
tion, it is apparent that even polymers of low residual 
unsaturation would be vulnerable to ozone attack. 
Butyl rubber varieties of varying ozone resistance 
have been prepared. Most varieties are remarkably 
stable to strong ozone. This characteristic is illus- 
trated in Figure 4. 

Another of butyl rubber’s salient characteristics, 
which is again related to its chemically saturated 
nature, is its unusual acid resistance. So far as we 
know it is unique in this respect, since it is the only 
acid-resisting plastic that is vulcanizable. When soft 
vulcanized natural rubber is immersed in concen- 
trated sulfuric acid or nitric acid, its useful life is 
ended within a few hours or even minutes. Under 
identical conditions, pure-gum butyl rubber vulcan- 
izates have been observed to last several months. 
Figures 5 and 6 compare butyl rubber and natural 
rubber in their resistance to concentrated sulfuric 
and nitric acids. 


Processing 

A relation between the processing properties of 
rubber and its viscosity in solution was suggested by 
Schidrowitz and Goldsborough in 1909?*. This prop- 
erty was later translated into a measure of molecular 
weight by Staudinger?*. It is reasonable to expect 
that, aside from differences in types of butyl rubber 
products, a variation in processing dependent upon 
molecular weight is also possible. In general, how- 
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TABLE IV 


Effect of Metallic Salts on Deterioration of 
Butyl Rubber by Oxygen 























Tensile Strength, Elongation, 
Lb./Sq. In. Percent 

Percent Metal After After 

Sample No. Salt Added Type of Aging | Original} Aging | Original| Aging 
OE: hi coscascl. 5 <Gaeeeeee 7 days, Geer 
oven, 95° C. 

(203° F.) 2110 1880 1000 1000 

Shas 1 Cu oleate..... ER See 2070 2380 1000 1000 

ee 0.5 Mn phenol 

sulfide........ RAE Rs 2250 2000 950 1020 
a A 92 hr., Bierer 
bomb, 70° C. 

CIS TY. 05605 2250 2140 1050 1070 














ever, the processing of butyl rubber is not essentially 
different from that of natural rubber except that it 
needs no breakdown or mastication but is ready for 
the incorporation of pigment or vulcanizing ingred- 
ients as soon as it has formed a continuous sheet 
around the mill roll. In the unvulcanized state the 
material exhibits a peculiar thermoplastic property 
which seems to be modified at high temperatures. 
This can be noted by thermal characteristics on the 
mill. When first placed on the mill rolls while cold, 
butyl rubber is tough and ropy. As soon as it is 
warmed by internal friction to 80-100°C. (17%6- 
212° F.), it becomes soft and smooth; if it is heated 
above this temperature, it becomes crumbly again, 
in this respect exhibiting a kind of thermoplastic re- 
version. ’ 


Tensile Strength 

From a practical standpoint the relation between 
tensile strength and commercial utilization is ob- 
scure. However, in laboratory evaluation, tensile 
strength offers a ready means of classification of 
products and has been used as a standard for much 
of our work. For theoretical considerations, tensile 
product or preferably tensile strength calculated from 
cross section at break may be more significant. 

Table I shows that strengths of 3600 pounds and 





Natural Rubber 


Butyl Rubber 
FIGURE 5 


Relative Resistance of Butyl Rubber and Natural Rubber to 
Concentrated Sulfuric Acid After 10-Day Immersion. 
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FIGURE 6 
Relative Resistance of Butyl Rubber and Natural Rubber to Concentrated Nitric Acid 


elongations of 1000 percent are readily obtainable. 
Calculated on the basis of cross section at break, 
this gives actual strength figures greatly in excess of 
those of natural rubber. 


Stress-Strain Relation 
The stress-strain curve in butyl rubber is different 
from that of natural rubber (Figure 7). Until a strain 
of about 500-700 percent is exerted on the sample, 
the stress is low; from this elongation to the break- 
ing point, the curve is more nearly like the total 

stress-strain curve for natural rubber. 
It is not certain what the difference in the two 
curves means in actual application. Wiegand* pro- 
posed that the ideal rubber compound should most 
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Stress-Strain Characteristics of Three Types of Butyl as 
Compared With Natural Rubber. 
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nearly obey Hooke’s law—i. e., give a straight-line 
relation. In discussing this, Shepard, Street, and 
Sharp” suggested an opposite viewpoint: “It may be 
that one of the most valuable properties of rubber in 
abrasive service is its low rigidity which allows it to 
back away from the impact point without rupture.” 
This is, in fact the case, as measured by shock cutting 
resistance of rubber and butyl rubber loaded with 
carbon black to similar hardness and flexing charac- 
teristics as described below. 


Impact Cutting Resistance 

This test is based on a simple method used in our 
laboratories. A flat, rigidly held, horizontal steel plate 
supports the specimen under test, a block 4K*%4XK% 
inch thick. To another flat steel plate, weighing 30 
pounds and parallel with the base plate, a triangular 
file is attached by means of a halter. This upper plate 
is dropped from a height of 6 inches directly on the 
rubber block so that the full impact is concentrated 
on the specimen along the file edge. The test can be 
fairly accurately duplicated, in that similar samples 
are cut to the same degree. 

The conclusions drawn from the results of this 
test are: 

1. Butyl rubber containing 80 percent Gastex or gas black 
has considerably better shock resistance than a natural rub- 
ber compound of the same hardness, containing about 50 
percent gas black. 

2. Increase in loading improves the shock resistance. 

3. There is no quantitative relation between shock re- 
sistance and abrasion resistance as measured by laboratory 
methods, although in general, highly loaded stocks have 
both good abrasion and shock resistance. 


Loading and Reinforcing 
Up to this point we have considered primarily 
butyl rubber mixtures without fillers, although in 
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practice compounding ingredients are usually added. 
Butyl rubber may be compounded with most of the 
ordinary pigments used in natural rubber, but a 
description of the influence of all such ingredients 
would lead too far afield. From the standpoint of ten- 
sile strength, butyl rubber differs from rubber in that 
carbon blacks of the reinforcing type do not increase 
the tensile strength except for certain rapid-curing 








40 Fo— 
3000 


IN. THICKNESS 
4 
m 
> 
me) 


| % 
= 
m 
= 
e 
a 
m 
TENSILE STRENGTH LBS./SQ. IN 





30 








20 
2000 


























TEAR TEST LBS. PER 0.1 
re) 


O 20 40 60 80 100 
PARTS OF CHANNEL BLACK ( KOSMOBILE 66) 
FIGURE 8 


Crescent Tear Test on Butyl A 


stocks, and the change in tensile strength with car- 
bon black and with other pigments is not greatly 
different for the various inert fillers. This is illus- 
trated in Figures 8 and 9 for channel gas black and 
for titanium dioxide. 

Carbon black is an important pigment for butyl 
rubber, as it is also for natural rubber. The synthetic 
polymer may be much more heavily loaded with 
carbon black without becoming excessively hard and 
stiff and without readily cracking under constant 
flexure. Amounts as high as 100 parts of carbon 
black per 100 parts of butyl rubber can be readily 
incorporated without the flex-cracking problem be- 
coming any more acute than it is with a natural 
rubber compound containing 50 percent black on the 
weight of the gum, or without the polymer compound 
hardness exceeding about 65° Shore. 

As stated above, tensile strength of butyl rubber 
is not generally increased to any great extent by the 
addition of carbon black. Other manifestations of 
reinforcement are, however, present. Thus, the abra- 
sion resistance (as determined by laboratory test 
methods), the cutting resistance, the shock resis- 
tance, and the toughness are elevated to at least the 
range of those properties in the best rubber-carbon 
black compositions. These data emphasize the well- 
known but interesting fact that stress-strain curves 
do not necessarily, as proposed by Wiegand, shed 
much light on practical behavior of rubber under 
service conditions. 


Elasticity, Hysteresis Loss, and Compression Set 

Elasticity. Strictly speaking, an elastic deformation 
is one which disappears entirely on release of the 
stress which caused it. This definition is simple to 
remember but difficult to apply. Houwink’™ states 
“Rubber may be said to be highly elastic, but its 
leformation is not truly elastic except under certain 
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conditions.” The behavior of steel is said to be truly 
elastic relative to the speed and completeness with 
which it returns to its original position. Houwink 
summarized this situation as follows: “The harder 
and more rigid a material, the more truly elastic is 
its deformation under a small stress.” Returning to 
our stress-strain curves, it appears that natural rub- 
ber is more rigid than butyl rubber. In the lower 
deformation range it is apparent that more energy 
will be put into rubber for the same deformation, and 
it is only reasonable to assume that it will retract 
more energetically. This is manifested by the phe- 
nomenon variously termed “snap” or “nerve.” How- 
ever, it is inconsistent to differentiate the behavior 
of rubber and steel by the words “highly elastic” 
and then to consider rubber more elastic than butyl 
rubber, because it is less “highly elastic” or more 
rigid. 

Whitby” introduced the term “elasticity tempera- 
ture” to describe bodies which may exhibit rubber- 
like elasticity at temperatures higher or lower than 
normal. In the light of present knowledge, “tempera- 
ture range of elasticity” as used by Rosenberg’ 
would be more descriptive. Just as lubricating oils 
differ in their viscosity at different temperatures, so 
do rubber-like bodies differ in their elastic behavior. 
Among rubber-like bodies butyl rubber is unique in 
that it is elastic not only at the normal temperature 
range of elasticity of rubber but also at much lower 
temperatures. Practical tests have demonstrated bu- 
tyl rubber to have usable elastic properties at tem- 
peratures as low as —80° F. This is illustrated fur- 
ther by flex resistance tests discussed later. 

Hysteresis Loss. As measured by the area of the 
loop confined by the extension and retraction curves 
with a retraction rate of 3 inches per minute, hyster- 
esis loss may also be related to the stress-strain 
curve. As Figure 10 shows, there seems to be slightly 
less loss for rubber. It is possible that the difference 
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Effect of Loading (Titanium Dioxide) on Tensile Strength 
Butyl A Cured 30 Minutes at 155° C, (311° F.) 


would have been much more marked had the avail- 
able equipment permitted a comparison at higher re- 
traction rates. However, these data represent only 
one type of butyl-rubber stock, and no practical 
evaluation of their significance has been carried out. 
A more detailed study of the hysteresis properties 
is now in progress. 

Compression Set. The A.S.T.M. method calls for 
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compressing cured cylinders, 0.5 inch thick and 1 
square inch surface area, between parallel steel plates 
under a pressure of 400 pounds. The cylinders are 
held under this constant pressure in an oven main- 
tained at 70° C. for 22 hours. At the end of this time 
the cylinders are removed and permitted to rest 
under no load for 30 minutes. They are then gaged, 
and this reading is compared with the original thick- 
ness. Results are expressed as percent decrease in 
gage based on the original thickness. The following 
table compares typical rubber and butyl rubber 
stocks: 


























Percent Compression Set 
Percent 

Sample No. Gas Black | After 30-Min. Rest After 1-Week Rest 
Rubber?......... About 59 8.7 6.4 
SS b6 xs cwSse 2 owe 60 7.6 4.3 
Re er 70 7.6 4.8 

| 
* Commercial first-grade tire tread stock. 
Flexing 


Butyl rubber is exceptionally resistant to flexing. 
The data were obtained on a DeMattia-type flex 
tester. This machine dynamically flexes samples at 
a speed of 600 strokes a minute. A sample of com- 
mercial first-grade tire-tread stock is compared with 
more highly loaded butyl-rubber stocks in Tables V 
and VI. 

These results demonstrate that, not only are butyl 
rubber tire-tread-type compounds initially much more 
resistant to dynamic flexure but that after long aging 
they lose little of this resistance, while the natural 
rubber tread fails rapidly on such severe aging. 

Flex cracking rests were also performed at elevated 
and depressed temperatures. This was done by en- 
closing the flexing machine in an insulated cabinet 
provided with a glass window, and heating the ma- 
chine and the interior of the box with electric heaters 
or cooling by circulating a refrigerant through cop- 
per tubing inside the box. Results are given in Table 
VI on the same stocks as were used for the room tem- 
perature tests. 

These data are illustrative of the fact that butyl 
rubber has an unusual “temperature range of elas- 
ticity.” That this property has practical significance 
has already been demonstrated in certain applica- 
tions. 


Abrasion 


Laboratory abrasion test results are likewise satis- 
factory. It is true that these tests cannot be trans- 
lated into actual serviceability (such as road wear 
characteristics of a tire-tread stock), but they are 
nevertheless indicative of the general abrasion char- 
acteristics. 

TABLE V 
Flex Resistance of Rubber and Butyl Rubber 


At Room Temperature 














Natural Butyl 
Rubber Rubber 
Percent gas black (on gum content).............. About 50 | 20) 75 total 
Stains De Cavite auaied Sake cee eseene  cgie sate 55 J 
Ne iia eds UE. 6 & Sun age 8 KAS 58° 60° 
Fiexures to initial cracking............-......0:. 140,C00 1,500,000 
Flexures to complete cracking.................+.. 850,C00 5,000,000 
After Aging Flex Strips 14 Days in Bierer Bomb 
Flexures to initial cracking...............5.. <he 100,000 2,000,000 
Flexures to complete cracking. ................+. 400,000 4,000,000 








TABLE VI 


Effect of Temperature on the Flex Resistance Rubber 
and Butyl Rubber 








Natural 
Rubber 


FLEXURES Tread Butyl Rubber Tread 





100° C. (212° F.) TEST 





To initial cracking. Deteio’ 140,000 Test discontinued after 4,5C0,CO00 flex- 
Te complete cracking. .| 2,800,000 ures (no cracking) 











—22° C. (—7.6° F.) TEST 





To initial cracking. .... 90,000 Test discontinued after 1,000,000 flex- 
To complete cracking. . 260,000 ures (no cracking) 

















As has been stated, butyl rubber in comparison 
with natural rubber may be more heavily loaded with 
carbon black without undue hardening or stiffening. 
Tests have shown that 75 to 80 parts of Gastex or 
gas black may be incorporated before the hardness 
of the vulcanizates exceeds some 60° Shore; this is 
in the hardness range of an ordinary natural rubber 
tire tread containing about 50 parts black. It has also 
been shown that, while the addition of carbon black 
may not increase the tensile strength of butyl rubber 
as it does natural rubber, there are other manifesta- 
tions of carbon black reinforcement, and abrasion 
resistance is one of them. 

A du Pont abrader was used for laboratory testing. 
This machine measures abrasion resistance as cubic 
centimeters loss per horsepower-hour; the lower the 
loss, the better the abrasion resistance. 
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FIGURE 10 


Hysteresis Loss on Pure Gum Samples at an Extension and 
Retraction Rate of 3 Inches Per Minute. 





Table VII shows abrasion-resistance results, be- 
fore and after 14-day aging in the Bierer-Davis bomb; 
comparison is made with a commercial first-line 
rubber tread stock. 

The additional volumes of carbon black show their 


TABLE VII 
Abrasion Resistance of Rubber and Butyl Rubber 











Abrasion Loss, 
Ce. 








/H.P.-Hr. 
Percent Percent 14 

Sample No. Gastex Gas Black Original sibenat ieee 
SED 6 os 4 elena 8 a About 50 210 

. BP eee 60 15 136 306 

SES So: xb Winnie heh 55 20 134 121 

TED pena Sescotbavees 55 20 122 131 

ee Se ee oe 55 20 111 130 
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View of Equipment in Semi-Commercial Butyl Rubber Plant 


presence by conferring higher abrasion resistance on 
butyl rubber compounds (111 to 136 cc. loss per 
horsepower-hour compared with rubber’s 210 cc.); 
butyl rubber for its own part demonstrates its ex- 
ceptional age resistance through the fact that the 
aged samples are as good as the original. 

Although the limitations of such an arbitrary test 


cannot be too strongly emphasized, the comparison 
between the effect of aging on the natural and butyl 
rubber stocks is considered significant. 


Tear Resistance 


As in natural rubber, carbon black increases the 
tear resistance of butyl rubber. Up to the practical 
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Rebound at Various Temperatures of Natural Rubber and Butyl A BalHts Dropped on a Steel Plate from a Height of 1 Meter 
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TABLE IX 
Electrical Properties Measured at 1000 Cycles 











TABLE VIII 
Water Absorption on Immersion in Boiling Water 
for One Week 
Percent Loadin: Percent 
TYPE STOCK (On Total Gum) | Weight Increase 
DE daa Ge da ee) «nese s.c0 0s. Pure gum 11.2 
I oko oes i atucdsan seek eke Pure gum 12.6 
I ko Wa-giXats dee e-cieeigan 8 Ae Pure gum 2.9 
50 Calcene 5.4 
50 Gastex 4.8 
50 gas black 2.4 
5C zinc oxide 49 
50 P- 4.0 
50 lithopone 4.6 














limit of loading, the higher the carbon black content, 
the greater the resistance to tear. The carbon blacks 
so far developed for rubber use have not been found 
to reinforce the strength of butyl rubber of lowest 
unsaturation, so that at present a balance between 
tensile strength and tear resistance of loaded stocks 
is required (Figure 7). 


Rebound 


Assuming, as we have, that butyl rubber merits 
the designation of being “highly elastic,” its rebound 
characteristics provide some basis for simplifying 
popular opinions concerning elastic properties. Both 
rubber and steel have high rebound under normal 
conditions. Since they are typical examples of “truly 
elastic” and “highly elastic” bodies, it has been cus- 
tomary to consider rebound as an elastic property. 
Butyl rubber does not bounce appreciably at room 
temperature. It does, however, have a high tempera- 
ture response to rebound and at 100°C. closely re- 
sembles the behavior of rubber. Since it undergoes 
no such marked change in common elastic properties, 
we may feasonably conclude that elasticity and re- 
bound are not interdependent phenomena. Data com- 
paring the rebound of rubber and butyl rubber at 
various temperatures are given in Figure 11. Plastic- 
izers such as p-cymene greatly accelerate the re- 
bound of butyl rubber at room temperature. 


Water-Absorption Resistance 


Resistance to water absorption is important for 
many applications, such as tank car linings, miscel- 
laneous hose, gaskets, etc.; but it is particularly im- 
portant when a material is to be used for electrical 
cable insulation where water absorption by the in- 
sulating medium may greatly change the electrical 
properties and result in failure. 

Tests on water absorption were made by immers- 
ing specimens in boiling water for one week and 
measuring the percentage increase in weight. The 
results are shown in Table VIII. Two natural rubber 
stocks were used, the first an ordinary pure gum 
compound, the second, a heat-resisting compound: 











RUBBER 
Stock 1 Stock 2 
EA) ice ah GRC cKeet hs soaemedewes oa 100.0 87.5 
ERR Ty 5 AS SEIT Oe hoe 5.0 5.0 
ER PE a eee Pe ere 1.0 MPPs 
ES ea oe sc kia tbad od bo cedene tam cies 2.0 
Gs oa ace Mheb c ed ceeb settee vedooe sph 1.5 étiats 
Agerite SP Ue ree errs cee cikceecnsee> oes aay 1.5 
Re eCi ca ake Men E NO been ese cdeesess 1.0 sane 
ee ees Soe e wc aeoegeodeke ees 3.0 
ee Cano uhGand gd b.es. Wh c'eS oes oh dbeds oe 3.0 are 














These natural rubber stocks were compared with 
several butyl rubber stocks, both pure gum and with 
various loading pigments. 
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Butyl Rubber | Natural Rubber 
0.6 0.5 
Dielectric strength, kv./mil Dry Wet* Dry Wet* 
Dielectric constant (1000 cycles)....... 2.11 2.01 2.46 2.76 
Power factor, percent. ........cececeee 0.04 0.05 0.04 0.16 




















* 88 hours in distilled water; surface wiped dry for measurement. 


Solvent Resistance 
Butyl rubber is not primarily a solvent-resisting 
material. It has, however, the following interesting 
characteristics : 


1. Although it is swelled by aliphatic hydrocarbon sol- 
vents as readily as natural rubber, it is more resistant to 
the simple aromatics, such as benzene and toluene, than 
some synthetics which now are being used for the construc- 
tion of gasoline dispensing hose. 

2. It is unaffected by such nitrogen-containing solvents 
as nitrobenzene and aniline. 

3. It is relatively unaffected by some halogenated sol- 
vents, such as ethylene dichloride, but may swell more than 
natural rubber stocks in others. 

4. It is in general unaffected by oxygenated solvents such 
as ethers, alcohols, and esters. 


Electrical Properties 

As would be expected from a saturated hydrocar- 
bon free from electrolytes in any form, butyl rubber 
possesses unique electrical properties. A comparison 
between pure-gum natural rubber and pure-gum 
butyl rubber is given in Table IX. These data show 
that the electrical properties are maintained also 
after soaking in water. 


Gas Permeability 


Butyl rubber is a better gas barrier than natural 
rubber, as judged by tests carried out on a variety of 
gases. In the case of some of these the rate of diffu- 
sion is so low that it has been found difficult to ob- 
tain reproducible results. While more accurate de- 
terminations are now in progress, the values is 
Table X are given to show the approximate orders 
of magnitude. 


Present Status of Development 

Butyl rubber is being evaluated for as many of its 
potential uses as possible by such tests as it has been 
possible to devise. Because of the dominating impor- 
tance of the automobile tire field as an outlet for 
rubber, tests were undertaken on a small scale early 
in the program to answer the question as to whether 
or not butyl rubber had any possibilities in this di- 
rection. Most of the efforts, however, were concen- 
trated on problems involved in the manufacturing 
process. ‘ 

In the meantime, the military authorities had been 
kept currently informed of the development of this 
new product, with the result that tests were initiated 
about two years ago to evaluate butyl rubber for 


TABLE X 


Approximate Relative Gas Permeabilities Through 
Pure Gum Stocks 








Ratio of Rate of Diffusion through 
Natural Rubber to Rate of Diffusion 





Gas through Butyl Rubber 
0 615% tee a hde oad. «Rebs Le 10-12.5 
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more specialized defense uses. When the future sup- 
ply of natural rubber became a matter of national 
concern, Standard Oil Development Company was 
requested by the Army and Navy Munitions Board 
to cooperate with one or more rubber companies to 
the end that the suitability of butyl rubber for tire 
manufacture could be determined at the earliest pos- 
sible moment. Such a program was promptly under- 
taken and is still in progress. 

Originally the goal of those working in this field 
was to synthesize a product that would equal natural 
rubber in those properties which have contributed 
to make it one of our most important structural ma- 
terials. The more recent trend is to synthesize ma- 
terials closely resembling Nature’s product in some 
respects, while at the same time surpassing it in 
others. In the light of the achievements to date, we 
are justified in looking forward to the development 
of a series of synthetics, each one of which will ex- 
ceed natural rubber in certain specific properties; in 
the aggregate, therefore, these products will give us 
something superior to rubber as we know it today. 
It is felt that butyl rubber possesses properties which 
will secure an important place for it in this synthetic 
picture. 

Future manufacturing plans will be dependent 
somewhat upon tests now in progress and to be un- 
dertaken more widely when the material is distri- 
buted among prospective users. The program being 
followed with respect to the evaluation of the prod- 
uct for commercial uses is to some extent governed 
by national defense considerations. 
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An automatic valve, operated by internal float, starts steam operated pump when receiver is full then shuts off pump when 
receiver is empty. If pump fails to start when waste oil reached proper level a whistle sounds a warning. This warning 
also sounds should pump not be shut off when tank is empty. 


Waste Oil Receiver 
Automatic in Operation 


\\ ITH waste oil gathered from various parts of 
its gasoline plant at Signal Hill, California, to be 
disposed of, Gilmore-Dabney, Inc., installed an auto- 
matic apparatus to pump this material from the receiv- 
ing tank. The receiver itself is a 50-barrel steel vessel, 
set in an excavation so the top deck is about level with 
the plant grade. It is welded throughout to retain both 
oil and possible vapors with a vent line standing about 
30 feet above the deck to disperse gases to the atmos- 
phere. This vent line extends to the bottom of the 
vessel. It is slotted from the deck through the distance 
it passes through the vessel, to allow gases to flow 
freely, regardless of the height of fluid. A float is placed 
in the vent line, attached to a cable which extends to 
the top and runs through a pulley so the float indicator 
passes up and down through a guide with the target 
on the plant side to indicate to the operators the level 
of fluid in the vessel. 

Two steam pumps in a concrete pit beside the vessel, 
are connected to the withdrawal line of the receiver 
and piped to discharge the fluid to disposition lines lead- 
ing from the plant. An internal liquid-level float is 
installed on the vessel with operating air attached 
through adequate piping in order that the pumps may 
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be started and stopped automatically. In addition to the 
starting mechanism, a high and low level warning 
whistle is attached to the remote controller to warn the 
operators when and if the fluid falls below a predeter- 
mined level, or begins to fill above the safe capacity 
gauge. 

As the fluid is gathered and reaches a certain gauge 
in the vessel, the inside float operates the remote con- 
troller, which in turn (through a diaphragm valve) 
opens steam to the reciprocating pumps. So long as 
fluid remains in the vessel, between the minimum and 
maximum gauges, the pump on the line continues to 
remove the material. When the level drops to the low 
gauge, the remote controller shuts off the steam, but, 
should the pump continue to run because of a sticking 
valve, the warning whistle begins to blow to warn the 
operator. On the other hand, should the level continue 
to build up, in excess of the capacity of the pumps, or 
by failure of the automatic apparatus to open the steam 
line, the whistle operates on that gauge also. 

Since this unit was installed. no difficulty has been 
encountered in the operation of the various parts. It is 
inspected at intervals to insure that packing, connections 
and instruments are in good working order. 
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The Open Type Cooler 


By F. L. KALLAM 
President, Industrial Engineers, Inc., 
Los Angeles, California 


y ae oldest and simplest method of cooling liquids 
and vapors is to pass them through a coil whose exterior 
surface is exposed to the flow of water. In this type of 
apparatus, tubes are generally arranged horizontally in 
banks so that the water flows from one above to those 
below. This form is the so-called trombone cooler 
employed by the heavy chemical, coke, brewing, dairy 
and refrigeration industries. 

Initially the petroleum industry used such coolers 
but later varied the design to the extent that 3-inch 
pipe coils were installed directly in the base of cooling 
towers where they were subjected to the effect of the 
falling water. Experience with this open type of cool- 
ing system resulted in later installations being made 
with fewer pipes in vertical rows and with smaller 
diameter pipe. These improvements eventually resulted 
in the development of shop-fabricated sections consist- 
ing of horizontal admiralty metal tubes, usually 1-inch 
in outside diameter, rolled into cast-iron headers. Such 
equipment is now the universally accepted standard 
with refiners employing this type of cooling. 


Advantages of Open Type Coolers 


This open type cooling system is considered by many 
operators to possess several advantages both for the 
cooling of liquids and for the condensation of vapors. 
Foremost of these is the feature of ready accessibility 
for cleaning and replacement of tubes, and the fact that 
the water requirement of such coolers is relatively low. 
These shop-fabricated cooling sections are vastly su- 
perior when compared to the use of pipe for similar 
service, principally from the standpoint of first cost, 
performance, weight, salvage value, area and volume 
occupied. 

Exaggerated claims often have been made for the 
ability of this type of equipment to shed scale, particu- 
larly when the tubes are given an initial bowing. Sup- 
posedly, interrupting the flow of cooling water for a 
brief period, while allowing the hot fluid to continue 
to flow within the tubes, will cause sufficient tube dis- 
tortion to crack off the scale which may be present. 
Stopping the water supply to the equipment and pass- 
ing steam through the tubes as a heating medium, fol- 
lowed by sudden chilling of the surface by reapplica- 
tion of the water, will result in a similar effect. Actual 
experiment and experience, however, have shown that 
in the greater number of cases these measures will not 
-ause the scale to completely fall from the metal sur- 
‘aces as claimed. Very often it will result in the crack- 
ing and loosening of the scale. An equal effect, how- 
ever, is obtained with straight tubes because such 
measures result in expansion of the surface -circum- 
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ferentially as well as longitudinally, whereas the scale 
itself does not expand. Consequently, there is no ad- 
vantage of the bowed-tube type of construction over 
that of the more simple straight-tube design. The harder 
the scale and the more rigidity it offers, the better it can 
be loosened by alternate expansion and contraction of 
the metal surface. More effective so-called self- 
descaling can be accomplished from waters containing 
high percentages of permanent hardness. 

One advantage which the open type of cooler does 
have is that the scale formed from the cooling water 
under the operating conditions can be removed me- 
chanically, and if need be, this can be done without 
placing the equipment out of service. This generally can 
be accomplished by carefully hammering the tube sur- 
faces with wooden mallets or by the use of special 
scraping bars. Oftentimes a high-pressure water hose 
used in conjunction with these methods will prove 
advantageous. Open coolers should therefore always 
be arranged with ample horizontal and vertical, or 
diagonal, lanes between tubes to facilitate such clean- 
ing. Straight tubes lend themselves most effectively to 
this requirement. On the other hand, the tube arrange- 
ment, or pitch, must be such as to permit none of the 
cooling water to fall through into the tower basin with- 
out striking some part of the cooler surface. 


Disadvantages of Open Type Coolers 


The fact that open-section coolers can be operated 
with large amounts of scale upon their surfaces with- 
out affecting the pumping head, as contrasted to the 
closed-type, is not always as great an advantage as 
claimed. The cost of descaling open equipment is con- 
siderable, aside from being disagreeable work, and this 
tends to lengthen the operating period between clean- 
ings. As a result, scale deposits of considerable magni- 
tude generally can be observed upon this class of cooler 
far in excess of that allowed in the conventional closed 
type of equipment. The deposition of scale upon a sur- 
face very naturally offers great resistance to the pass- 
age of heat, and consequently lowers the thermal effi- 
ciency of the equipment. As this efficiency becomes less 
the temperature of the cooled fluid rises, and in many 
plants, this rise is so gradual that it is some time before 
the fact is realized. In the meantime, the increasing 
temperature has resulted in daily loss of production, 
which over a period of time, represents more than the 
cost of several cleanings. Often this decrease in cooling 
efficiency is offset for the time being by re-arranging 
the cooling tower so as to supply the cooler with initially 
colder water, or water supply over the section is ma- 
terially increased. Either of these measures represents 
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an increase in cost. Many plants have been able to 
operate open equipment in a heavily scaled condition 
for the reason that they initially were furnished with 
over-sized coolers affording more surface than required 
for the load conditions. This is also costly. Still other 
plants have had their loads decrease from the initial 
conditions, thus providing additional coolers to com- 
pensate for lower cooling efficiency with scaled-sur- 
faces. 

Water distribution over such cooling surfaces is 
affected by variations in daily wind velocities and by 
continual changes in water concentration caused by 
either clogging nozzles or troughs. Consequently, cer- 
tain areas of the scaled surface are alternately wet and 
dry. This condition results in a scale surrounding a 
tube which is not in one piece, but is composed of many 
separate circular layers built one upon the other. With 
certain types of scale, portions of this outer layer 
eventuaily break loose from the scale remaining on the 
tube and fall from the surface. This feature makes it 
necessary to observe further precautions in tube ar- 
rangements in that the horizontal spacing must be 
sufficient to allow reasonable scale growth without 
bridging or blocking the openings between tubes. Sec- 
ondly, the number of vertical tube rows should be kept 
at a minimum, never exceeding five as a maximum, in 
order to lessen the possibilities of falling scale particles 
lodging between the tubes. It is not uncommon to 
find the accumulation of these scale particles actually 
blocking-off over half the cooling surface on sections 
containing as many or more than eight vertical rows of 
tubes. A condition such as this is expensive, because 
the original investment was much larger than it should 
have been had all the surface purchased been kept rea- 
sonably clean. 

It should be kept in mind when dealing with the open- 
type of cooler that such equipment is located within a 
cooling tower. Because of the demand that water losses 
be kept to a minimum, the present design of tower has 
developed into one in which the louvers give no easy 
access to the interior. To inspect open-coolers, or even 
to see them, it becomes necessary to open access door 
louvers in front of a cooler, which permits a view of 
the section. In the older type of cooling towers such a 
view can only be obtained by actually crawling into 
the tower between the louvers. At best, either method is 
inconvenient, and if the inspection is to be thorough, 
the water over the cooler must be discontinued. Ob- 
viously, the location of the open type of cooler does 
not enhance its chances of being operated under the 
most efficient conditions, and it is an excellent example 
of, “out of sight, out of mind.” 


Data Lacking On Open Type Coolers 


Despite the fact that the open type of cooling 
section has found extensive application in the refin- 
ing industry, and other industries as well, it is 
surprising that the amount of data available for 
design purposes is so small. This dearth of design 
data is particularly felt in connection with the pre- 
diction of the amount of cooling water required for 
a given service, the value of the outside heat trans- 
fer coefficient, and the value to affix to the factor 
stating the degree of scaling allowed for upon the 
cooling surface. To secure such basic information 
in a commercially operated plant is practically next 
to impossible for numerous reasons, and as a result, 
difficulty has always been encountered in rating the 
performance of such sections and comparing one 
with another. Obviously, the very nature and loca- 
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tion of this class of equipment offers considerably 
more of a test problem than does the conventional 
shell-and-tube type of cooler. These facts explain 
why the open type of cooler has been practically 
ignored in published literature, and why the design 
of such equipment is still in the “rule of thumb” 
stage. 


Principle of the Open Type Cooler 


To understand the functioning of the open-type 
cooler, it is first necessary to recognize the cardinal 
principle that the heat removed is ultimately dissi- 
pated to the air. If the tubes are flooded with 
water it may be assumed that no evaporation takes 
place and that all of the heat is removed by raising 
the temperature of the water. Should it be desired 
to again use this heated water, as in the usual case, 
it is re-circulated over the top of the cooling tower 
where the heat it contains is released to the air. 


When a smaller quantity of cooling water is 
employed to remove the heat it is necessary actually 
to evaporate this water from the exterior of the 
tubes and to transmit the heat to the surrounding 
air. This air is caused to flow past the cooler 
section by either natural or artificial draught 
through the cooling tower. Thus by maintaining a 
thin but complete water film upon the tubes, 
evaporation will take place continuously, thereby 
removing heat from the fluid within the tubes. The 
extent of this evaporation will be governed by the 
difference between the vapor pressure of the water 
at the tube surface conditions and the partial pres- 
sure exerted by the moisture carried in the air 
stream. 

It is very doubtful if in any commercial installa- 
tion all of the heat is removed entirely by evapora- 
tion or through sensible heat alone. In most cases, 
it will be found to be removed by a combination of 
both of these effects. 

In the usual installation, the amount of heat lost 
from within the tubes is never entirely accounted for 
as sensible heat gained by the cooling water. This 
is due to the fact that considerable evaporation has 
taken place upon the surface of the cooler. Because 
all of the heat removed cannot be accounted for as 
sensible heat in the cooling water, it is difficult to 
predict in advance the actual amount of water 
required for a given cooling service. This condition 
has developed the practice of selecting the required 
water rate based on a temperature rise consistent 
with past experience, and to totally neglect the 
factor of evaporation. 


Evaporating Effect of Cooling Water 


Such a procedure can result in grave error as 
developed from a series of carefully conducted tests 
upon various types of available cooling sections. 
These sections were equipped with means for 
accurately measuring the water on and off the sur- 
faces, and for obtaining the resulting temperature 
changes. Heated water was circulated through the 
tubes of these coolers at definite rates, and from 
the change in temperature from inlet to outlet, the 
heat removed was determined for each case. The 
difference between the heat lost by the water within 
the tubes and the sensible heat gained by the cooling 
water represents the amount dissipated by evapora- 
tion of a portion of the cooling water. 

In all, 45 different tests were made in which the 
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following variables were observed through the 
ranges indicated: 


Cooling water rate, 3 to 38 lbs./sq. ft. (min. of projected 
cooling surface). 
Water velocity within tubes, 2 to 14 ft./sec. 


Wind velocity and direction at cooling tower, 10 to 1,000 
ft./min. 


Temperature cooling water to section, 60 to 78° F. 
Temperature cooling water off section, 88 to 120° F. 
Temperature water to tubes, 109 to 153° F. 
Temperature water from tubes, 90 to 141° F. 

Dry bulb temperature, 60 to 76° F. 

Wet bulb temperature, 54 to 66° F. 


Heat removed by evaporation of cooling water, 0.4 to 
50.0% of total. 


As might be expected from the nature of the 
equipment tested, a rational correlation of the data 
obtained was not possible. The results were par- 
tially conclusive in several respects, however, and 
indicated that the direction and velocity of the wind, 
together with the relative humidity, had no uniform 
influence upon the amount of heat removed in the 
evaporation of a portion of the cooling water. These 
factors were therefore discarded in the final corre- 
lation. The governing factors of the problem were 
shown to be the cooling water concentration rate 
upon the cooling surface, the logarithmic mean tem- 
perature of the cooling water striking and leaving 
the cooling surface, and the design or arrangement 
of the cooling surface itself. 


Figure 1 is a plot of the data from these tests 
and shows a definite trend toward correlation based 
upon the factors selected. In general, the data show 
for a cooling water circulation of 1900 Ilbs./sq. ft./hr., 
or greater, (Factor MT=2500 plus), that the heat 
removed by evaporation will vary from 0 to 13 per- 
cent. In this range, the cooler may be considered 
as operated, “flooded.” When the cooling water 
rate is kept below 300 Ibs./sq. ft./hr., (Factor 
MT=—450 or less), at least 33 percent or more of the 
total heat load will be removed by evaporation. This 
type of operation may be termed, “evaporative.” 
Ordinary operation of open sections varies within 
water rates between the above values, or in range 
of 300 to 1900 Ibs./sq. ft./hr., (Factor MT==450— 
2500), which normally may represent an evaporative 
heat removal between 13 and 33 percent. For the 
test conditions, the average heat removal for this 
normal operating range (MT=-450—2500) was 17.5 
percent. 





Determination of the Cooling Water Rate 


It is now in order to demonstrate how the data of 
Figure 1 may be used. Assume that it is desired to 
remove 1,000,000 B.t.u. per hour in an open-type 
cooler composed of 1-inch O. D. tubes. These tubes 
are spaced horizontally on 2-inch centers and ver- 
tically on 1-inch centers. Let the design be such 
that the vertically projected area of the tube sur- 
faces to the water spray is 80 square feet, and that 
this water is at a temperature of 70° F. Assume fur- 
ther that the temperature rise of the cooling water is 
to be limited to 10° F., or that the temperature of the 
water flowing from the cooler will be 80° F. For these 
‘onditions, what is the correct amount of cooling 
water to circulate? 


Normally this problem would be solved by de- 
termining the amount of water required, allowing 
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a 10° rise, to remove 1,000,000 B.t.u./hour. The 


answer in this case would be 


1,000,000 _ sah 
608.3310 a 


This rate represents a spray concentration over 
the cooler of 


1998.33 


80 = 20.7 |bs./sq. ft./min. 


Let this rate be determined by the use of Figure 1. 
To do this, it is first necessary to set forth the 
characteristics of the cooler. The outside tube diam- 
eter (D) may be stated as 1/12—=0.0835 feet, and 
the horizontal tube spacing (P) at 2/12=0.168 feet. 
Factor (X) then becomes 


0.168—0.0835 _, 5 
GiIG8 65" 


and (Y) becomes 


0.160—0.0835 _, 
90835. 10 


The value of (DXY) can now be determined as 
0.0835<0.5<1.0=0.04175, and (DXY)°=0.7278. 

The logarithmic mean temperature (T) of the 
water on and off the cooler is found to be 75° F. 
This permits (MT) to be-evaluated at (75M). 

Assumed that the heat removed (E) from the 
cooler by evaporation of a portion of the cooling 
water will be 18.4 percent. This assumption permits 
the calculation of the heat removed through evapora- 
tion of the spray water, and is 0.184<1,000,000— 
184,000 B.t.u./hr. By difference, the heat dissipated 
in increasing the temperature of the spray water 
from the cooler can be found. This value is 1,000,000— 
184,000—816,000 B.t.u./hr. Introducing the value of 


E 0.184 
(DXY)*? or 0.7278 = 0.253, 


into Figure 1, the factor (MT) is found to be 1278. 
But as (MT) has already been found to be equal to 
(75M), the value of (M) becomes 


1278 
75 








= 17.02 lbs./sq. ft./min. 


It is now possible to determine the heat carried 
away from the cooler solely through temperature 
rise in the cooling water, and this value is 


17.0280 60 10 1=817,000 B.t.u./hr. 


Had this value not closely approximated the 
originally assumed value of 816,000, the calculation 
would be repeated, using other choices for “E” 
until a reasonable check was obtained. 

The correct amount of cooling water required to 
meet the specified service conditions can now be 
determined. This rate is 


17.0280 
—333—¢«= 164 g.p.m. 


as against 199 g.p.m. obtained without considera- 
tion of the effect of evaporation. The difference in 
rates, namely, 35 g.p.m., represents an error of 
21.3 percent. This variation demonstrates the need 
for considering the evaporating effect of the spray 
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water when designing the open-type cooler or con- 
sidering its possible installation. 


The Film Concept of Heat Transfer 


The actual heat transfer surface required in the 
open type of cooler or condenser for a definite serv- 
ice is now estimated primarily from past perform- 
ance with similar conditions. Only the overall factor 
of heat transfer is thereby used with no considera- 
tion given to the various resistance to heat flow 
offered by the two fluids and the tube wall between 
them. The use of the overall coefficient of heat 
transfer in this manner is all well and good for ex- 
pressing the thermal efficiency of the section, but 
leaves much to be desired when it is necessary to 
predict the performance for other operating condi- 
tions. A definite overall heat transfer coefficient 
exists for an open section operating with fixed fluid 
conditions within and without the tubes. Assuming 
that it is desired to increase this heat transfer rate, 
would, for example, increasing the fluid velocity 
within the tubes or increasing the spray water con- 
centration on the outside surface be of greater bene- 
fit? This question can be answered by a knowledge 
of the film coefficients on each side of the tube 
surface, and their variation with velocity and other 
factors. Thus the problem of heat transfer from a 
liquid outside to a liquid inside a tube can be de- 
termined best by a consideration of the magnitude 
of the individual film coefficients. 

It is now accepted that when a fluid flows along 
the surface of a tube there is a relatively stationary 
film of that fluid adhering to the metal surface. The 
heat can only be transferred through such a film 
by means of conduction. Since practically all fluids 
are notoriously poor thermal conductors, this film 
offers considerable resistance to the passage of heat. 
In fact, as compared to these liquid film resistances, 
the metal of the tube itself offers relatively no re- 
sistance to the passage of heat and can in most 
instances be disregarded. 


Heat Resistance Factors 

The transfer of heat from a fluid outside a tube 
to a fluid within the tube is therefore dependent 
upon a series of resistances which are as follows: 

1—Resistance of the fluid film on the outside of 
the tube. 

2—Resistance of the metal tube wall. 

3—Resistance due to scale present on both sides of 
the tube wall. 

4—Resistance of the fluid film on the inside of 
the tube. 

In practice the thickness of these fluid films 
cannot be measured directly, or predicted, and 
hence an indirect method must be used to express 
their effect upon the heat transferred. Such a method 
was developed by Nusselt and permits the use for 
all practical purposes of the familiar resistance con- 
cept formula: 

1 
+ ORD TERS FRR | 
hit ke thet he 
Where K=Overall heat transfer coefficient, B.t.u./ 
hr./sq. ft./°F. 
hi=Film heat transfer coefficient inside 
tubes, B.t.u./hr./sq. ft./°F. 
ho=Film heat transfer coefficient outside 
tubes, B.t.u./hr./sq. ft./°F. 
h,s—Film heat transfer coefficient for scale, 
B.t.u./hr./sq. ft./°F. 
L=Wall thickness of tube, ft. 


ke=Thermal conductivity of tube, B.t.u./ 
hr./sq. ft./°F./ft. 
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From this relationship between the individual 
coefficients and the overall coefficient, the latter can 
readily be calculated, thereby permitting use of the 
general heat transfer equation, which is: 


Q=K AT, where, 

Q=Heat transferred, B.t.u./hr. 

K=Overall heat transfer coefficient, B.t.u./hr./ 
sq. ft./°F. 

T=Mean temperature difference across the 
heating surface, °F 

A=Area a which heat is transferred, 
sq. ft. 


Determining the Inside Film Coefficient 


More data are available for predicting the inside 
film coefficient than for the case of fluid flow outside 
the tube. This condition naturally would follow be- 
cause inside flow presents fewer mechanical diffi- 
culties in conducting the necessary experimental 
work. Despite these advantages, sufficient depend- 
able data are not yet available to warrant a general 
equation for the inside film coefficient which will 
allow for all the factors which may be involved. 
However, for the more important commercial appli- 
cations, where the flow is turbulent, the Dittus and 
Boelter equation may be used for the determination 
of the inside film coefficient. This is: 


hiD | is DG 0.8 2.42CZ 0.4 
= 0.0225 saz) ( k ) 


where, 


h; = Inside fluid film coefficient, B.t.u./hr./sq. ft./°F. 

D = Inside diameter of tube, ft. 

k = Thermal conductivity of fluid, B.t.u./hr./sq. ft./° F./ft. 

= — velocity of fluid, lbs./hr./sq. ft. cross section of 
tube 

Z = Viscosity of fluid, centipoises 

C= Specific heat of fluid, B.t.u./lb./°F. 


All physical properties of the fluid are evaluated 
at the arithmetic mean of the terminal temperature. 
Petroleum oils, however, through a part of the 
turbulent flow range, do not obey the Dittus and 
Boelter equation. In the graph of this equation, Fig- 


(sz) 
2.42Z 


between 2100 and 7000 for oils must be taken from 
the curved portion of the plot. 

The values of the inside film heat transfer coeffi- 
cient obtained from Figure 2 for hydrocarbon oils 
are for the case when heat is flowing from the metal 
tube wall to the oil. When cooling these oils, or 
when the heat flows from the oil to the metal wall, 
values of the film coefficient (h,) obtained from the 
plot must be reduced by 25 percent. This reduction 
is necessary because of the great difference between 
the temperature of the oil film at the tube surface 
and the temperature of the main body of oil in the 
tube. 


The Outside Film Coefficient 


Although the data available for predicting the in- 
side film coefficient are far from complete, that per- 
taining to fluid flow upon the outside of the tubes is 
much less satisfactory. Experimental data for this 
case are limited, and do not justify a general equa- 
tion to the extent given above for the inside of the 
tubes. Tubular heat exchangers, in general, cannot 
be designed on the basis of any calculated coeffi- 
cient, but must be investigated experimentally. Nat- 
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urally, the outside film coefficient will vary for the 
same physical properties of a fluid depending upon 
the baffle system used and its arrangement. 

Turning to the problem at hand where it is desir- 
able to predict the outside film coefficient for the 
specific case of water dripping over horizontal tubes, 
the data are still in a more unsatisfactory state. In 
fact, practically no information is available on this 
subject, and it was for this reason that the present 
investigation was made. 


In attempting to secure information upon the out- 
side film coefficient, it was decided to conform to 
conditions actually obtained in practice and at the 
same time to gain some knowledge of the fundamen- 
tal principles involved. By following such procedure 
it was recognized that some sacrifice would be nec- 
essary in the accuracy of the results, since commer- 
cial equipment never lends itself to rigid control of 
operating conditions, especially when the problem 
investigated is of such complex nature. Despite the 
fact that no attempt was made to measure the thick- 
ness of the outside film or the tube wall temperature, 
or to consider many other desirable factors bearing 
upon this heat-transfer problem, the results obtained 
are believed to have a very definite commercial use- 
fulness at this time. 


Test Basis for Outside Film Coefficient 


Ninety tests were made upon 3 different standard 
commercial fabricated open type coolers. These 
coolers were arranged in the base of an atmospheric 
type cooling tower in the conventional manner, ex- 
cept that provision was made for measuring the spray 
water on and off each section. Water at various tem- 
peratures and rates was circulated through the tubes 
of these coolers and permitted a means for accurately 
obtaining the amount of heat actually removed for 
each given condition. During the tests the following 
variables were observed or calculated through the 
ranges indicated: 


Cooling water rate, 180 to 2400 Ibs./hr./sq. ft. of projected 
cooling surface. 

Water velocity within tubes, 2 to 14 ft./sec. 

Wind velocity and direction relative to cooling tower, 10 
to 1000 ft./min. 

Temperature spray water to cooler, 60 to 78 °F. 

Temperature spray water from cooler, 81 to 120 °F. 

Temperature of water to tubes, 109 to 153 °F. 

Temperature of water from tubes, 90 to 141 °F. 

Dry bulb temperature, 60 to 76 °F. 

Wet bulb temperature, 54 to 66 °F. 

Heat removed by evaporation of spray water, 0.4 to 50 
percent of total. 

~~ heat transfer coefficient, 61 to 341 B.t.u./hr./sq. 
t./°F. 


Outside film heat transfer coefficient, 102 to 2825 B.t.u./ 
hr./sq. ft./°F. 


The three coolers tested varied in design, their 
principal dimensions covering the ranges given 
below: 


, a tube diameter (No. 18 BWG Admiralty), 3%4- and 
-inch. 

Length of tubes exposed to water spray, 12 ft. to 19 ft. 
10% ins. 

Width across tube bank, exposure to water spray, 2 ft. 7 
ins. to 4 ft. 2% ins. 

Tube spacing, horizontal plane, 1% and 2 ins. 

Tube spacing, vertical plane, 1-5/16 to 2-9/16 ins. 
Tube rows high, 3 and 4. 
Area exposed to spray water, 31 to 84 sq. ft. 
Number of tubes, 57 to 104. 
Outside cooling surface, 204 to 404 sq. ft. 
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The design of one of these coolers was such that 
the water to be cooled entered the bottom row of 
tubes and flowed upward through each succeeding 
row. In the remaining two coolers, the flow through 
the tubes was arranged so that each pass contained 
a number of vertical rows of tubes. With this type, 
the cold spray water striking the section contacted 
the warmest water within the tubes as well as the 
coldest in the last pass. In the case of the first cooler, 
however, the cold spray water initially strikes only 
the tubes in the last pass, or those tubes carrying 
water which has been previously cooled in the rows 
of tubes below. Thus it is apparent that the tempera- 
ture difference between the water to be cooled and 
the spray water varies continuously throughout the 
length of the coolers. Only in the case of the single 
cooler is counterflow approached, while the flow in 
the other two types of coolers cannot even be par- 
tially classified. In order to obtain an average tem- 
perature difference between the fluid in the tubes 
and the spray water, the conventional logarithmic- 
mean of the terminal differences has been used. This 
was an arbitrary choice, since its use violates the 
assumptions made in the derivation of the method, 
and cannot therefore be justified on scientific 
grounds. 

With the information obtained from the test runs 
and the use of the previously stated general heat 
transfer equation, the overall heat transfer coefficient 
was calculated for each test. The reciprocal of this 
value, by previous definition, is equal to the sum of 
all the four thermal resistances. Now if three of these 
resistances are known, the fourth can readily be com- 
puted. There is thus afforded the means for obtaining 
the film coefficient upon the outside of the tubes for 
the open type coolers investigated. 

In carrying out this portion of the investigation, 
the inside film transfer coefficient was first deter- 
mined for each test condition. This was accomplished 
by use of the Dittus and Boelter equation, or more 
particularly by the use of a,curve similar to Figure 
2. The physical properties of the water within the 
tubes were taken at the logarithmic mean average 
of the water temperature entering and leaving the 
cooler. Solution by means of Figure 2 is straight- 
forward and results in the determination of the inside 
film coefficient. It is necessary to correct this co- 
efficient to the outside surface by multiplying by the 
ratio of the inside tube diameter to the outside tube 
diameter. 

The resistance offered to heat flow through the 
Admiralty metal tubes is found to be: 


L 0.0490 


The» magnitude: of : this resistances. -so.-smatk.,com- 
pared to that of the inside fluid and total scale that 
it may conveniently be disregarded without adverse- 
ly affecting the results. 

The three coolers tested were new equipment and 
the fluid circulated through the tubes was distilled 
water. Water contacting the outside of the tubes was 
better than the ordinary run of plant cooling water, 
but did contain a slight degree of hardness. All of 
the tests were conducted and completed within a 
period of approximately 25 days. The tests run the 
first day, when the equipment was commercially 
clean, were repeated at weekly intervals in order to 
determine the decline in the overall heat transfer co- 
efficient due to scale formation. Such scale in this 
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case was essentially all on the outside of the tubes 
and at the termination of the tests was not discern- 
ible except possibly at that point in the surface where 
the hot distilled water entered. From the decline in 
heat transfer efficiency for the duration of the tests, 
a fair value for the resistance of the scale was found 
to be 0.002. 


Outside Film Coefficient Derived from Test Data 


As pointed out before, knowing the values of the 
three resistance factors and the overall heat trans- 
fer coefficient, the outside film factor is obtainable. 
Actually, only two resistance factors need be con- 
sidered since the third, representing the resistance 
of the metal tube, can be disregarded. These compu- 
tations were made for the test conditions and the 
outside film coefficient determined based upon clean 
tube surfaces. 

In order that the outside thermal film coefficient 
for water dripping over horizontal tubes, as deter- 
mined from these tests, can be of service, it must be 
placed in some form which makes its use fairly sim- 
ple. The data so found has therefore been correlated 
as shown in Figure 3. This correlation is based upon 
the plot of the factor 


(ho/N°*”) against (W°*DXY) + (2.42ZV), 


wherein the data in general support a straight line 
upon logarithmic paper. The factors so utilized have 
the following nomenclature: 


h. = Outside the1mal film coefficient, B.t.u./hr./sq. ft./°F. 

N = Number of tube rows high. 

G= Weight of spray water striking cooling surface, 
Ibs./hr. 

L= Length of tubes exposed to spray water, ft. 

B= Width of cooling surface exposed to spray water, ft. 

D = Outside diameter of tubes, ft. 

Z= Absolute viscosity of spray water at logarithmic 
mean temperature of spray water on and off cooling 
surface, centipoises 

P = Tube spacing in horizontal plane, ft. 

V = Vertical distance between tubes, ft. 


G 
W=TLxB 
P—D 
A = ‘ 
te 
lee 


Therefore the empirical and recommended equa- 
tion for the outside film coefficient, as derived from 
this test data, is: 





Ww? at) 


bs = 190Ne*( 242 ZV 


The use of this equation, in conjunction with exist- 
ing equations for calculating coefficients of heat 
transmission inside tubes, will permit the design of 
the open type cooler. In so doing, allowance must 
be made for the thermal resistance of possible scale 
formation, although that due to the tube itself in 
most instances can be disregarded. 


The Scale Coefficient 


The practical usefulness of all film coefficients 
depends upon the condition of the metal surfaces 
through which the heat passes. Fouling of the surface 
cannot be eliminated and hence it presents one of the 
major problems in the design and operation of all 
types of heat exchangers. So inadequate is the present 
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knowledge that the resistance offered to neat flow by 
these scale or dirt accumulations is never exactly 
known. Obviously, no exact rules for predetermining 
the extent of fouling or scaling can be given. 

Just why the prediction of the effect of scale upon 
the heat transfer surface remains to be a troublesome 
problem is apparent from the following considera- 
tions. The conduction of heat through the scale is 
governed by the equation: 


k, AT, 
Q= Fr. 
where 
Q = Heat transferred, B.t.u./hr. 
Ts = Temperature difference between the two sides of the 
scale film, °F. 

K, = Thermal conductivity of scale, B.t.u./hr./sq. ft./° F./ft. 
L, = Thickness of scale film, ft. 
A = Area through which heat is transferred, sq. ft. 


Or, the heat passage may be allowed for by the 
familiar relationship: 

Q=h, AT. 
where 

h, = Film heat transfer coefficient for scale, B.t.u./hr./sq. 

ft./°F. 

By combining these two equations, the value of 
the film transfer rate through the scale deposit can 
be obtained in terms of thickness of the scale body 
and its conductivity, or, * 

k 


»=jT_ 


But, by definition for unit area, thermal resist- 
ance is equal to the reciprocal of the film coefficient, 
and it may be stated that: 








where 


rs = Thermal resistance to heat flow through scale film. 


From the complexity of the necessary work in- 
volved it can be said that few values of (hs) have 
ever been directly determined. Providing information 
relative to (L,) and (k,) are at hand, the value of 
(h,) becomes readily available. Unfortunately, the 
determination of the thickness of commercial scale 
deposits is not practical. The same condition applies 
to the determination of the scale conductivities which 
must be experimentally obtained. 

In addition to the actual physical characteristic of 
the scale itself, several other factors influence its 
total resistance to the flow of heat, thereby compli- 
cating the problem still more. In this, temperature, 
especially the film temperature, plays a leading part. 
Low temperatures in oil films may cause a waxy de- 
posit at the metal surface since at this point the tem- 
perature is below that of the main stream. In a simi- 
lar way, high temperatures in oil or water films will 
result in a deposition of hard scale since the metal 
surface will be at a temperature higher than that of 
the main body. 

Fluid velocity also has a decided effect upon the 
scale formation, particularly in the case of deposits 
of a loose nature. Velocities higher than four feet 
per second often effectively keep the surface wiped 
relatively free of such deposits. With hard tight scales 
this effect is practically negligible, although the 
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TABLE 1 


Minimum Scale Resistances for Fluids Being Cooled 
Inside Tubes 


























Scale 
Fluid SERVICE Resistance 
a as Cake he ee-4 ee 0.002 
er ee. ct eeet th veshveheoeses 0.01 
eR ee laine opicle Ce awetnee ee 0.0015 
ED eats GC a, id 5 Ke bias d Rim omg $b Oa 8 0.001 
Overhead vapor from cracking plant bubble tower. . 0.002 
Debutanizer plant bubble tower............... 0.001 
Lube. Oil treating plant tower................ 0.001 
Natural gasoline plant bubble tower........... 0.0005 
Natural gasoline stabilizer bubble tower........ 0.0005 
Refinery vapor recovery plant bubble tower... . 0.001 
Topping plant bubble tower (Untreated)....... 0.001 
Topping plant bubble tower (Treated)......... 0.003 
Vacuum plant bubble tower.................. 0.001 
Vacuum plant flash tower.................... 0.003 
NN ciel Urs a Onis ouldeiase memes hg-e pines 0.003 
Refrigerating plant vapors (from reciprocating com- 

es cian ch beatae Opheds taka Jee ees is 0.002 
Separator, flash pot and vaporizer vapors from crack- 

I a nica Calg kA eC RE eh eh tee eepbnend ees 0.006 
EE ESD ee Oe Pee 0.000 
Steam (Exhaust from reciprocating machine)....... 0.005 

Liquids | Oil, asphalt and resin...... Brean hea eae 0.01 
EE EE ON EE ei as sé od a ele kee d bed 0.002 
Crude (W et, ee) ) ene 0.002 
ee ee bl ® 0.004 

Debvtanizer feed and product..................... 0.001 
Distilled bottoms above 25° A. 9.2. Gravity... 0.002 
Oil, Fat and Lean, natural gasoline plant. . . 0.001 
Fat and Lean, refinery vapor recovery plant . 0.002 
EE St ee a oa og ia 6% 064 W.bia ere 0.0005 
es laa cine pal aecn bee kee was ~ 0.0025 
Machinery and transformer................... 0.001 
ee NS EPP ETTE TCU Te 0.003 
UC ad gb. e44 o's 0 0s Seat er er ee 0.004 
SE TS ee ee ee ye 0.003 
Residual bottoms, less than 25° A.P.I. Gravity. . 0.005 
Residuum, cracking plant.................... 0.01 
Side stream cuts....... Ss ret ne ld ae 0.001 
Vegetable........ ‘oe : ty ee Pe ae ee 0.003 
Gememie Bemis... .. 00.0... Pe ee 0.001 
Refrigerating liquids... . Peis ERT an aie 0.001 
es igs fae awa ta.ee ; dia ca Rea Sedeers 0.001 
SRS SS ee Sere 0.002 
Sa a al adie Salat widiy. 60 i cae 0.001 
Cooling tower (treated make-up)........... 0.001 
Cooling tower emnpaaie make- up).. ee ee eee 0.004 
RIGS TS aR Ft a ae eC 0.0001 
RAS as arr rare eS 0.001 
ee eee 0.003 
RL ANS ewe PRR G.c.c Reet W166 4a ee ae 0.003 
RN ste a ae tne Dts, Grace Greed 0.0005 














higher velocities will doubtlessly keep the scale film 
to a minimum thickness and temperature. 


Scaling Resistances 


In view of the above discussion it is apparent why 
scaling rates are not usually computed. It aiso ex- 
plains why the amount of extra surface to be included 
in an exchanger above that required for a theoretical- 
ly clean surface is almost always a matter of judg- 
ment or experience on the part of the designer. The 
use.of the transfer rate of the clean exchanger there- 
fore still affords the best means for arriving at the 
scaling resistance. This method requires the transfer 
rate to be determined frequently and compared with 
the rate when new or that obtained directly after 
each cleaning. Consistent results can be obtained in 
this manner and there exists such data within the 
various plants. Naturally, such data do not correlate 
well since the manner and thoroughness of cleaning 
will influence the results. 

The scale resistance to heat flow occurs upon the 
inside as well as outside of the heating surface, the 
summation of the two representing the total scaling 
resistance. It is this latter value which is commonly 
used since it is much less convenient to determine 
the two component parts. The fact should not be 
overlooked, however, that no amount of cleaning 
upon one side of the surface can possibly reduce the 
total scale resistance below that value existing on 
the uncleaned side. 

In order that the open-type cooler or condenser 
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will have sufficient excess tube surface to maintain 
satisfactory performance in normal operation, with 
reasonable service time between cleanings, the fol- 
lowing minimum inside scale resistances are recom- 
mended. For conditions of extreme fouling, or poor 
maintenance, where experience shows such necessity, 
higher scale resistances than those listed should be 
used. Values given are for average temperature and 
velocity ranges. (See Table 1.) 


Outside Scale Resistance 


The extent of fouling to be expected upon the out- 
side surface of open-type coolers and condensers is 
even more difficult to predict than that for the inside 
surface. Additional factors entering the problem for 
this case are the completeness of the spray water 
distribution over the surface and the degree of spray 
water evaporation. The scaling is further influenced 
by the condition of the recirculated spray water, and 
whether or not the salts which it contains are allowed 
to concentrate in the cooling-tower basin. 


In order to complete the estimation of the total 
scale resistance, values are given (in Table 2) for 
the scale resistance upon the exterior surfaces of 
open-coolers. The data upon which it is based seems 
to correlate best when referred to the spray concen- 
tration employed. In other words, the exterior scale 
resistance decreases as the spray concentration in- 
creases. The present data indicate a variation in this 
respect as given in Table 2. 


Computation of Open Type Cooler 


The use of these various thermal resistances in the 
design of open-cooler sections probably can be illus- 
trated best with a typical problem subject to slide- 
rule accuracy. As in most cases of this kind, the 
solution is one of trial and error, requiring the de- 
signer to first make a guess at a cooler which will 
meet the service requirements. If the surface so 
selected cannot be verified by the resistance calcu- 
lations, then other selections must be made until a 
satisfactory check is obtained. 


For the problem at hand, assume a requirement to 
cool 382 g.p.m. of distilled engine-jacket water from 
an initial temperature of 143° to a final temperature 
of 130° F. The cooling spray water is available at a 
temperature of 73° F. and experience has shown that 
scaling is not excessive if the temperature is kept at 
114° F. or below. 

The first step will be to select a possible cooler to 
render the above service. Such a cooler might be as 
follows: 


Length of tubes exposed to spray water (L), 12.00 ft. 
Horizontal width of cooling surface (B), 2.58 ft. 
Tube area exposed to spray ey rq 98 sq. ft. 
Outside diameter of tubes (D), 1.00 

Inside diameter of tubes (D:), 0.902 i. 

Horizontal spacing of tubes (P), 0.1562 ft. 

Vertical spacing of tubes (V), 0.1094 ft. 

Vertical rows of tubes (N), 4.0. 


The first trial will be made upon the basis of the 
TABLE 2 


Minimum Scale Resistances for Spray Water on Exterior 
Surfaces of Open Type Coolers 


Scale Resistance 








Spray Concentration (M) Ibs./min./sq. ft. 





Dare or Seninad ea eos il Get eet eevee eae kee eee yee es 0.00253 
rh is ip Dis Dod sip CRM AWAD hba els UF SESE Es pis Se he eye tGieis sloma’s he's bos 0.00248 
AER SI aaE He Fe S  ORE es 7 eer ee FSO ee 0.00240 
aD iMe eda wWes cds Cased Sree eUhsedths ocgheteedaedens 0.00233 

0.00227 
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spray rate in the nomenclature of Figure 1 is (M). 
The logarithmic mean temperature difference (T) 


for the spray water on and off the cooler, 73° and 
114° F. respectively, is 92° F. The value of (MT) is 


now found equal to 27.8 & 92, or 2558, and intreduc- 
ing this value into the curve of Figure 1, 
(E)/(DXY)°*"! is found to have a value of 0.18. 

The character factors for the assumed cooler must 
now be found, still following the nomenclature of 
Figure 1. 

D = 1/12 = 0.0833 ft. 


P—D _ 0.1562 — 0.0833 








eee 
P—D 0.1562 — 0.0833 
io-5 .CU 


DXY = (0.0833) (0.466) (0.874) = 0.0339 
(DXY)°? = (0.0339)°? = 0.7122 
The value of (E) can now be determined: 
E = 0.18 & 0.7122 = 0.128 


It is now known that 12.8 percent of the total heat 
removed in the cooler is carried away through evap- 
oration of the spray water. 

The total heat to be removed in the cooler can be 
found by considering the jacket water side as follows: 


H=382 608.330.9843 0.9981 (143—130) = 2,440,000 
B.t.u./hr. 


The specific gravity and specific heat of the water in 
the above equation being taken at a temperature of 
136.5° F. 

The heat appearing as sensible heat in the spray- 
water can easily be found: 


(2,440,000) (1.0—0.128) = 2,128,000 B.t.u./hr. 


The final approximate temperature of the spray 
water leaving the cooler is found in the following 
manner: 

2,128,000 = (27.8) (60) (30.98) (0.9974) (t2e— 73) 
te— 73 == St 
t. = 114.3 

As this value checks the specified spray water 
temperature of 114° F., the solution can be continued. 
Had (t,) not closely approximated the temperature 
of the spray water leaving the cooler, it would have 
been necessary to repeat the work using other as- 
sumed cooler characteristics. For example, the pro- 
jected area value could be altered until a satisfac- 
tory result was obtained. 

Now that the temperature rise of the spray water 
has been verified, it will be in order to establish the 
value of the film coefficient on the outside of the tube 
surface. This can be accomplished by the use of 
Figure 3, following the nomenclature given on this 
chart. 

The value of the hourly spray water concentration 
can immediately be found: 


__G___ 278 X 60 X 30.98 
W=Tty5=" iris 


W"* = (1722)** = 9.26 





= 1666 Ibs./hr./sq. ft. 
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spray water striking the cooler surface at 73° F. and 
leaving at 114° F. This temperature range requires 
that a guess be made as to the spray water concen- 
tration, followed by a calculation check to see if 
this rate is sufficient in view of the evaporating effect 
and assumed cooler characteristics. As a trial, a spray 
concentration of 27.8 pounds per minute per square 
foot of projected. cooler surface. will be used. This 





Values of D, T, N, X and Y have already been 
assumed and verified. The viscosity (Z) for the spray 
water at the temperature (T), is 0.741 centipoises. 
The value of (N) °° becomes (0.1094), or, 1.072. 

By means of these various values, the factor 
(W°*DXY)/(2.42ZV) in Figure 3 is determined. 
This factor becomes: 


W"*DXY _ (9.26) (0.0833) (0:466)- (0.874) — 1.600 


242ZN 0 (2.42) (0.741) (1.094) 








Applying this factor to the curve of Figure 3, a 
value of 1500 is obtained for the expression h,/N®, 
Knowing the value of N®** permits the ready solution 
of h,, the outside film. coefficient, thus: 


ho = 1500 & 1.072 = 1608 B.t.u./hr./sq. ft./°F. 


The reciprocal of this coefficient, (=). or (san ) 


is the outside film thermal resistance, and is equal to 
0.000622. 


Inside Film Coefficient 


Attention now can be given to the determination of 
the inside film coefficient, or that for the distilled 
water flowing within the tubes. This can be accom- 
plished by the use of Figure 2, wherein the physical 
properties of the jacket water are taken at the arith- 
metic mean of the terminal temperatures. In this case, 


the evaluating temperature is a, or, 136.5° F. 


The physical properties of water for this tempera- 
ture are: 


Viscosity, (Z) = 0.4860 Centipoises 

Specific heat, (C) = 0.9981 B.t.u./lb. 

Specific gravity, (S) = 0.9843 (Density at 40° F. = 1) 
Conductivity, (k) = 0.3761 B.t.u./hr./sq. ft./°F./ft. 


As an initial assumption, the velocity of the jacket 
water within the tubes will be taken at 14.75 feet/sec- 
ond. The number of tubes required at this velocity 
for 382 g.p.m. of jacket water can be obtained in the 
following manner, each tube having an inside cross- 
sectional area of 0.638 square inches: 


382 144 
Number tubes/pass = 60 X75 X 14.75 X 0638 = 13 





The mass velocity through each cooler pass be- 
comes: 


__ 382 X 60 X 8.33 X 0.9843 x 144 
G= 135-0638 


Knowing the mass velocity, the factor DG/2.42Z 
can be found as follows: 


DG___ (0.0751) (3,260,000) 
2.42Z~ ° ~ ~—s (2.42) (0.486) 





= 3,260,000 Ibs./hr./sq. ft. 





= 208,000 


Inserting this value into the plot of Figure 2, the 


factor 
iD 242CGZ"* 
Cr)/ EC) = 


2.42CZ 




















Solving now for the factor, —[——, we have, 
242CZ _ 2.42 X 0.9981 X 0.486 _ 5 1 
Bion 0.3761 —- 
2: 2 0.4 F 
(75) = (3.12) = 1.577 
{381} 69 











Substituting this value above, the following equa- 
tion may be written: 








h.D hi X 0.0751 
k____03761__—0.1996 Xb _, 
ay a Cle 
\ 
Solving for (h,), the inside film coefficient : 
420 < 1.577 _ 
hy= 019% — 3320 


Correcting this inside coefficient on the basis of 
outside surface by means of the ratio of inside to 
outside tube diameters: 


0.902 
hi(Correctea) = 3320 X 100 > 2990 B.t.u./hr./sq. ft./°F. 


The thermal resistance for flow within the tubes is 
l aaa’ 
3990’ or, 0.0003342. 


It is now necessary to select the scale resistance for 
inside and outside the tube surfaces. For distilled 
water, or the inside scale, the resistance is 0.0001. 
This value is taken directly from Table 1. The scale 
resistance on the outside of the tube is likewise 
obtained from Table 2, by extrapolation for a spray 
concentration of 27.8 pounds per square foot per min- 
ute. This value is found to be 0.00235. 

The total resistance to heat flow from the inside to 
the outside of the tube is the sum of the four com- 
ponent parts as shown in the following: 


Inside film resistance = 0.000334 
Inside scale resistance = 0.000100 
Outside scale resistance = 0.002350 
Outside film resistance = 0.000622 


Overall thermal resistance — 0.003406 


Coolers in Place in Cooling Tower Ready for Piping. 





The overall heat transfer coefficient is the recipro- 
cal of the total resistance (R), and is equivalent to: 


1 1 
"RR 0003406 = 294 B.t.u./hr./sq. ft./°F. 


It is now possible to find the total cooling area 
required by first determining the logarithmic mean 
temperature difference for the operating conditions. 
The jacket water is cooled from 143° to 130° F. while 
the spray water is heated from 73° to 114° F. The 
corresponding M.T.D. is 41° F. 

From the general heat transfer equation, the total 
cooling surface required is: 


2,440,000 


A= 41 Xx 204 = 203 sq. ft. 


Complying with the initial assumption that the 
tube length would be 12 feet, the number of 1-inch 
O.D. Admiralty metal tubes required will be: 


ae 
12 X 0.2618 — 


It will be recalled that the solution of the inside 
film coefficient was based upon 13 tubes per pass, so 
that the cooler can be arranged for 5-pass flow. If 
these 65 tubes can be made to fit into the original 
cooler selection in regard to the dimensions B, P, N 
and V, the problem is solved. This is the case for 
this particular problem. 

It might be of interest to set forth the spray water 
required over this cooler. The amount of spray water 
will be approximately : 


65 


27.8 X 30.98 
: a = 103.2 g.p.m. 
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High-Tensile Steel 
For Refinery Service 


WELDON L. ARCHER 


hy this day of streamlined trains the average citi- 
zen is beginning to take high-tensile steels for 
granted. And well he may. But what about the re- 
finer? Does high-tensile-strength steel offer him any 
advantages not possessed by the usual mild steel 
employed in pressure vessels? Definitely, the answer 
is yes. The modern trend is toward an ever increas- 
ing application of this material for refinery pressure 
vessels. 

Before getting too far into this subject it may be 
well to describe high-tensile-strength steel. There 
are many such steels on the market under patented 
names such as Corten, Cromansil, Manten, R. D. S., 
Silten, Yoloy, Mayari R, HS-1, Carbon-Moly, Jalten, 
HS-2, Hi-Steel, HT-50, Centralloy, 70-90 and others. 
Each of these materials offers some special advan- 
tage. All of them are high-tensile-strength alloys. 
None of them, with the recent exception of carbon- 
moly, may be used in pressure vessels. 

So high-tensile-strength steel under the rules of 
the API-ASME code takes on a definite and distinct 
meaning. Only that steel meeting the ASTM specifi- 
cations for A212-39 (until this year known as ASTM 
A149 and A150) will qualify under the code. 

By far the greatest majority of pressure vessels 
have been constructed from low-carbon steel made 
to ASTM A70 specifications. Since this steel is well 
known there is no need for a detailed description of 
it. Suffice it to say that this material contains little 
carbon (never more than 0.30 percent) and a mod- 
erate amount of manganese (decidedly less than the 
0.80 percent maximum that is allowed). 


Small Percentage—Big Gains 


On the other hand the high-tensile-strength steel 
contains more carbon, more manganese and, in addi- 
tion, silicon. The upper limits for these elements now 
become for carbon, 0.35 percent; for manganese, 0.90 
percent; and for silicon, 0.30 percent. Thus an in- 
crease of about 1 percent in minor elements raises 
the strength of the steel from the minimum of 55,000 
psi common to ordinary steel to a minimum of either 
65,000 or 70,060 psi for the high-strength steel. 

The principal reason for using high-tensile steel is 
to save money. Many applications have shown that 
lower freight costs as well as lower fabricating ex- 
pense have favored the installation of equipment 
built of high-strength steel. Because this steel is 
available in two grades: A and B with minimum 
tensile strengths of 65,000 psi and 70,000 psi respec- 
tively, the purchaser must choose one of these two 
grades. Since the price of either grade is the same, 
why not pick Grade B with the higher strength and 
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get more for your money. Then specify firebox grade 
which carries a premium of 5 cents per 100 pounds 
but which gives value received in extra tests at the 
mill and a higher design factor under the code. 

Of all the elements present in steel, carbon exerts 
the most influence. In Figure 1 is shown the effect 
of increasing the amount of carbon in a steel on 
the tensile strength and elongation. A few points of 
carbon (a point is 0.01 percent) make a profound 
difference in the properties of steel. Now all high- 
strength steel has more carbon than in ordinary low- 
carbon steel. This carbon has increased the strength 
of the steel and introduced, at the same time, some 
fabricating problems. 

Both the analysis and physical properties of high- 
strength steel should be considered. This might be 
done by quoting the ASTM specifications but more 
knowledge will be gained from a consideration of 
some actual analyses and physical tests. Table 1 
presents a comparison of actual analyses for ordi- 
nary low-carbon and high-strength steels in various 
thicknesses. 

Since abstract things such as the influence of car- 
bon on the strength of steel or the relationship be- 
tween allowable carbon maximums and actual car- 
bon contents are hard to visualize when presented in 
tabular form, Figures 2 and 3 present this informa- 
tion in graphical form. The fine cooperation of the 
the actual carbons run as compared with the allowed 
steel manufacturers is evident when we see how low 
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amount of carbon. Attainment of high strength with 
such lesser quantities of carbon increases the steel 
makers cost. But the weldability of the steel is im- 
proved. Therein lies an extra measure of quality 
that should be appreciated. 


Physical Properties 


Table 2 repeats the steels in Table 1 with regard 
to the strength and ductility properties. All of these 
steels represent the firebox, or highest quality, 
grades. 


TABLE 2 


Physical Properties of the Low and High Strength 
Steels Reported in Table 1 























Yield Ultimate 

Point Strength | Elongation 
Tensile Strength Thickness psi psi Percent 
SECC ere ’ 14” 36,670 61,210 28.8 
A hs da'ssis 6.4 0 os %” 48,160 79,040 26.2 
NTS, caida aiole casekio bs sg 36,850 63,640 25.8 
Sah cx he dal} < 6.60.80 te 51,590 72,850 23.8 
shins ch adga.cas. 1%” 36,090 61,220 26.0 
ae 1%” 49,100 78,600 26.0 
a EN awtieid ee « &'4 0 2” 35,660 62,970 27.5 
aR ae 2° 37,800 72,750 22.5 
Ai hides Sree t+ 6 2%"* 38,860 61,450 33.2T 
High 214”* 47,500 79,500 28.0T 
BTSs ale idee 'eidi Harace 6 3° 40,120 64,220 34.9T 
Sy Sree 3° 48,000 76,500 29.0T 











* All plates over 2” in thickness were normalized before being tested. 
t+ Elongation reported in two inches, all others in eight inches. 


While the physical properties of high-strength 
steel are important from the standpoint of design 
calculations, the chemical analysis has an important 
bearing on the welding properties. For welding may 
be considered as a simple heat-treating . operation. 
And this heat treatment presents the only excuse 
for any prolonged dissertation on the fabrication of 
high-tensile-strength steel. 

Carbon, as noted before, imparts strength attri- 
butes to steel. As long as this strength is a function 
of a certain crystal structure such as that in Figure 
4, no harm has been done. But should this strength 
come about as a result of conditions leading to the 
formation of a crystal structure such as that in 
Figure 5, look out. 


As Applied to Welding 
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Maximum Allowable and Actual Carbons for ASTM A70-39 
Firebox Grade. 


are familiar with the interrelationship of time and 
temperature of transformation in the heat treatment 
of steel. From the information disclosed in their 
S-curve it is apparent that transformation takes 
place at a high temperature of approximately 1100° 
F. and a low temperature of approximately 200° F. 
in a very short period. Since the heat treatment that 
accompanies welding is essentially a short-time re- 
action, this rapid transformation temperature is ex- 
tremely important. 

Transformation is a new term that would not have 
been introduced had there been any way to avoid it. 
The carbon in steel becomes increasingly soluble 
as the temperature of the steel is raised. When all 
the available carbon is dissolved a structure known 
as austentite results. During welding the heat 
affected zone in the base metal reaches a tempera- 
ture high enough to dissolve all of the carbon and 
form austentite. Then the point of welding passes 
and the heat affected zone cools. In a heavy plate 
that has not been preheated, cooling caused by the 
mass quenching action of the surrounding steel may 
cause the carbon to be trapped in the steel, forming 
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As the result of some fine fundamental research yaximum Allowable and Actual Carbons for ASTM A212-39 


work carried out by Dr. Bain and his associates, we 
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a strong but brittle material known as martensite. 
This would be a low-temperature transformation 
with the austentite transforming to martensite rather 
than the more common change such a takes place 
at the higher temperature. 

Usually, as would have happened had this same 
plate been preheated to 400° F., the transformation 





FIGURE 4 


Normal Plate Structure in ASTM a212-39 Plate 
(Magnified 100.) 


from austenite, or the separation of the dissolved 
carbon, takes place at the higher temperature, 1100° 
F. Then iron carbide and pure iron combine in a 
fixed proportion to form pearlite, a strong and duc- 
tile state in which weldable steel normally exists. In 
Figure 4 the pearlite is the dark constituent. 

The same thermal cycle is present when low- 
carbon steel is being welded but the smaller amount 
of carbon does not invite the harmful structure that 
becomes possible with increasingly high carbon con- 
tents. For that reason preheating of the high-tensile 
steel is indicated to avoid the formation of a brittle 
structure. 

Pressure vessels fabricated of high-tensile steel 
are stress relieved as a general rule. The stress- 
relieving operation constitutes a heat treatment. 
Very often stress relieving is spoken of as stress- 
relief annealing. But that term is a harmful mis- 
nomer. It is true that thermal stress relieving re- 
moves welding stresses that might have reached dan- 
gerous proportions. Yet such heat treatment involves 
either transformation nor change in» crystal ,struc- 
ture, both ‘of »which.take place in a true annealing 
treatment. 

With the exception of preheating to at least 400° 
F, for any plate thicknesses over 34-inch there is 
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nothing unusual about the application of high-tensile- 
strength steel to refinery operations. Of course a 
welding electrode conforming to the proper strength 
requirements is indicated. As a general rule carbon- 
molybdenum electrodes containing 0.40 to 0.60 per- 
cent molybdenum such as are used in the welding of 
carbon-molybdenum steel are specified for the high- 
tensile material. 


Easy for Skilled Welders 


Repairs or changes may be made in exactly the 
same manner as those for mild-steel vessels which 
were described previously. Preheating and maintain- 
ing a high interpass temperature will lead to perfect 
welds without any embrittlement of the heat-affected 
zone whatsoever. Suitable electrodes possess both 
the strength qualities necessary and, further, the 
manipulative properties associated with similar mild- 
steel electrodes thereby enabling any skilled welder 
to use the low-alloy electrodes without any previous 
special training. 

Since the refinery may be little interested in the 
welding details associated with high-tensile steel of 
code quality, the essential item of cost will be dis- 





FIGURE 5 


Hardened Heat-Affected Zone Near the Top of the Weld. 
(Magnified 100.) 


cussed in detail. Three important factors enter into 
any discussion of pressure-vessel cost: material, 
labor and transportation. 


Comparisons 


Because high-tensile-strength steel is stronger 
than ordinary steel, a-vessel: made of such material is 
lighter than a corresponding unit of lower-strength 
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steel. And in view of additional manufacturing costs 
in the making of high-tensile steel the cost of the 
latter is higher. Just how these items compare is 
demonstrated in Table 3. 

At a first glance the figures in Table 3 appear to 
favor ordinary steel over high tensile. Without con- 





FIGURE 6 
Weld Metal in High-Tensile-Strength Plate. (Magnified 100.) 


sidering labor and freight they do. When these other 
factors are considered, as they are in Table 4, there 
is no question about the final outcome. 

Needless to say the figures in Table 4 are fictitious 
although they are representative. The hourly labor 
rate includes overhead which accounts for what ap- 
pears to be a high hourly rate. All of these items: 
material, labor and freight are subject to much 
modification in different sections of the country. 
However the trend is right. And whenever vessels 
become thick and involve a good deal of. labor it is 
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TABLE 3 


Comparison of Weights and Material Costs of Ordinary 
and High Tensile Steel Vessels 











Ordinary High-Tensile 
Steel Steel 
Be Pee ne 100,000 79.600 
Cost, $0.03 and $0.04, respectively........... $3,000 $3,184 














important that high-tensile steel be considered if only 
to the extent of getting an alternate bid involving 
this metal. 

High-tensile-strength steel will not prove eco- 
nomical for all applications. For instance, joints over 
one inch in thickness must be radiographed accord- 
ing to the code. Conceivably the cost of radiograph- 
ing might be such as to prohibit the use of the high- 
strength material. Instances of that nature have been 
found. 

Then there is the question of corrosion. High-ten- 
sile steel corrodes at the same rate as ordinary steel. 
That means two things: expensive material must be 
sacrificed for corrosion allowance; and the factor of 
safety is reduced by corrosion more rapidly than is 
the case with low-carbon steel of lesser strength. 

To make the story complete these last factors have 
been mentioned although the quantity of ASTM 
A212 steel being booked by the mills shows a con- 
tinual increase. It follows that fabricators are form- 
ing more and more of this steel into pressure vessels 
for the refiners. Furthermore truck tanks, tank cars 
and skid tanks find a natural answer to the question 
of weight reduction in this material. And late designs 
are being based upon the use of silicon killed high- 
tensile-strength steel to make new equipment budgets 
go a little further. 
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TABLE 4 


Labor and Freight Added to Material Costs of Table 3 to 
Arrive at Final Cost Figures 

















Ordinary High-Tensile 
Steel Steel 
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Propane Treating With 





Caustie Solution 


, propane-butane-straight run gasoline stabili- 
zation plant of Cities Service Oil Company at its East 
Braintree, Massachusetts, refinery was built during 
the summer of 1938 and was put on the line in 
August. 

There were many considerations which prompted 
the erection of this plant, among the most important 
being the demand for liquid propane, the improve- 
ment in the straight run gasoline made possible by 
removal of propane and lighter compounds, the addi- 
tional recovery of butane for use in gasoline, and the 
savings in processing costs made possible by splitting 
the cracked gasoline distillate into light and heavy 
fractions. The flow through the plant is shown in 
Figure 1. 

The materials processed in the plant come from 
two combination cracking units with crude charging 
capacities of approximately 8000 barrels per day each. 
The charge to the first fractionating tower in the 
system consists of the cracked gasoline distillate 
from each combination unit which has been accumu- 
lated at a pressure of 134 pounds gage and tempera- 
ture of 90° F., together with the rich oil from the 
absorber. Here it is separated into two fractions, the 
lighter being part of the charge for the depropanizer 
and the heavier being the heavy end of the cracked 
gasoline distillate, part of which is used for lean oil 
on the absorber. 


Recycl 2 


The overhead from the straight run gasoline stabil- 
izer is added to the light fraction from the first frac- 
tionating tower, to make up the charge to the de- 
propanizer. The depropanizer makes the cut between 
propane and butane, that is the butanes and heavier 
are the bottom product and propane plus the lighter 
compounds pass overhead. 

This overhead makes up the charge to the deethan- 
izer, where it is fractionated into propane as a bottom 
product, with the lighter compounds passing over- 
head and going to fuel gas. 


Hydrogen Sulfide Removal 


The features delineated above are not new and are 
mentioned to serve as background for the discussion 
of the propane treating part of the unit. 

The flow of the treater is shown in Figure 2. 

Simply stated, the treating consists of contacting 
the vapors, which make up the feed to the deethan- 
izer, with sodium hydroxide solution, in two steps. 
The object of the treating is to remove enough hyro- 
gen sulfide, so that the finished propane will meet 
the specification when tested for hydrogen sulfide by 
means of the lead acetate method as described in 
Bureau of Standards Technical Paper No. 41. 

The most of the work is done in the treating sec- 
tion in the top of the depropanizer tower. The vapors 
leaving the fractionating portion of the tower pass 
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up through a chimney into the treating section. This 
section is 15 feet 9 inches high, with a diameter of 
4 feet 6 inches. There is a bottom section 6 feet 6 
inches high, in which the used caustic accumulates. 
Above this are four bubble trays, spaced 1 foot 
6 inches apart. The entering caustic flows onto the 
top tray, down over the remaining three trays, and 
is released from bottom by a liquid level controller. 

Referring to Figure 2 it will be seen that the vapor 
leaving the treater on the top of the depropanizer 
passes down through a reflux condenser and into a 
reflux accumulator. The liquid level in this accumu- 
lator is automatically regulated by means of a con- 
trol valve in the water line to the reflux condenser; 
that is, only enough heat is taken out in the reflux 
condenser to supply the required reflux, the remain- 
ing vapor passing off the reflux accumulator. The 
vapors coming from the reflux accumulator subse- 
quently make up the charge to the deethanizer. 

An auxiliary treater is located in the vapor ‘line 
from the reflux accumulator to the final depropan- 
izer cooler. This treater consists of a tower 2 feet by 
18 feet, packed with 10 feet of 1%4-inch Raschig rings. 
The vapor passes upward through the tower and the 
caustic down, accumulating in the bottom, where it 
is released by means of a liquid-level controller. 

There are two 4 feet by 20 feet caustic tanks in 
the system. The caustic in one tank is being circu- 
lated through the treater on top the depropanizer 
while the caustic in the other tank is being circulated 
through the auxiliary treater. Each fresh tank of 
caustic is used on the auxiliary treater first and is 
circulated through this treater until the caustic in 
the other tank (which is being circulated through 
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the depropanizer treater) is ready to discard, then 
both treaters are on the one tank for the few minutes 
that it takes to drop the spent caustic and recharge 
with fresh. The auxiliary treater is then put onto the 
fresh caustic and the cycle repeated. 

When these treaters were first put in operation, a 
series of tests was run to determine optimum operat- 
ing conditions. Referring to the treater on top the 
depropanizer, various rates of caustic circulation 
were tried and best results were obtained at a rate 
of 1500 gallons per hour, the weirs on all trays being 
set for maximum submergence. The gravity of caustic 
solution used was varied from 30° Beaume to 1° 
Beaume. Caustic solutions between 6 and 8 gravity 
were found to be the most effective, with heavier 
solutions much less effective, and lighter solutions 
only slightly less effective. The caustic solution is 
carried at a temperature of 125° F., which is slightly 
hotter than the top of the fractionating section, in 
order to prevent any condensation of the vapors. The 
efficiency of the heater is much less affected by 
changes in the caustic rate than it is by changes in 
the strength of the caustic solution, small changes in 
the caustic rate making little difference but if solu- 
tion is as heavy as 10° Be., efficiency is materially 
lowered. 

The same gravity caustic solution is used on the 
auxiliary treater, circulating 1000 gallons per hour. 

Approximately 65 barrels per hour of reflux are 
used on the depropanizer and the feed to the de- 
ethanizer averages 22 barrels per hour, therefore a 
total of 87 barrels per hour of material in the vapor 
form passes through the main treater. The deethan- 
izer feed only passes through the auxiliary treater. 
There is a total removal of 15 pounds of hydrogen 
sulfide per hour of which total, about 2 pounds is re- 
moved by the auxiliary treater. This corresponds to 
about 70 percent utilization of the caustic. 








Depropanizer With Treater Section at Top. 
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Elements of Vaporization and 


Condensation 


PART IX 
Fractionation of Binary Mixtures 


R. L. HUNTINGTON 
University of Oklahoma 


c. a recent paper of this series* it has been shown 
that the number of theoretical trays required for a 
given separation of a binary mixture into relatively 
pure components is controlled largely by the pres- 
sure under which the fractionating column operates, 
i.e., the higher the pressure the greater the number 
of trays required because of the lowering of the 
relative volatility of the respective components. 
Above the retrograde or inversion pressure range, 
however (from 700 to 1200 pounds per square inch 
for a number of hydrocarbon mixtures), there is 
apt to be a reversal in this trend which might cause 
a reduction in the number of trays for further pres- 
sure increases. 


Vapor-Liquid Equilibrium Curves 


There are five types of binary mixtures in general 
which call for fractionation as a practical means of 
effecting certain separations. Pressure-composition 
and temperature-composition diagrams? serve as 
tools in presenting the underlying theory or ground 
work for the fractionation of such mixtures. The 
y vs x curve which shows the mol fraction of the 
more volatile constituent in the vapor in its rela- 
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COMPONENT IN LIQUID 


FIGURE 1 


Vapor-liquid Equilibria Curves for Five Different Types of 
Binary Mixtures. , 
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tionship to the mol fraction of the same constituent 
in the liquid has proven to be the most useful method 
in attacking the problem of fractionation from a prac- 
tical standpoint. 

Let us consider these five types of binary mixtures 
as shown in Figure 1. Curve 1 represents the mix- 
ture in which the components form ideal solutions 
throughout the entire composition range, and further- 
more they have no tendency to associate or to form 
pseudo-compounds. Mixtures such as butane and 
pentane or benzol and toluene might be placed in 
this class. Such mixtures are no doubt the simplest 
ones to process through fractionators since each 
component maintains its same relative volatility 
throughout the height of the tower. The petroleum 
refining and natural gasoline industries are peculiar- 
ly favored in that a major portion of their fractiona- 
tion and stabilization columns is required to handle 
mixtures which fall under this particular group or 
classification. 


Water-Ethanol Fractionation (Curve 2) 


The alcohol and liquor distillers were early pio- 
neers in the art of fractionation. Exacting specifica- 
tions called for the elimination of guess work in the 
design of their equipment. In fact the petroleum in- 
dustry turned to the alcohol distillers in order to 
dispense with much expensive experimentation when 
it came to realize the advatages of fractionation. 

Ethyl alcohol and water form a minimum boiling 
point whenever the mol fraction of alcohol reaches 
point C on Curve 2. This means that it is impossible 
to obtain an overhead product from a single column 
which is richer in alcohol than point C. Between 
C and B the vapor is richer in water than it is in 
alcohol. 

Through the use of salt, it is possible to change 
the relative volatility of alcohol and water in such 
a way as to manufacture a product richer in alcohol. 
This is known as the salting out process, and with- 
out the application of this principle, the distillers 
would be forced to use other more expensive means 
for obtaining the same results. 


Maximum Boiling Point Mixtures 


Hydrochloric acid and water have the peculiar 
property of forming a constant-boiling mixture which 
boils at a higher temperature than any other mixture 
of' these two compounds. This type of mixture is 
represented by Curve 3. The constant boiling mix- 
ture is located at point D, which expresses graph- 
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I Stereo-isomers 


BP a se Separation of a mixture of stereo-isomers by frac- 
tionation is impossible if the two components mak- 
ing up the system have the same vapor pressures. 


























x 
z "4 wae This type of mixture is represented by Curve 4, 
oO Y which expresses in a graphical manner the fact that 
- > / P 4 the vapor has the same composition as the liquid 
6 no matter what percentage of each component is 
z g Pp 
ix - pi present. Stereo-isomers are compounds which have 
y the same molecular weights and same chemical for- 
a 2 / / mulae but exhibit the property of rotating light in 
= 5“ 7 7 different directions. Sugars are illustrious examples 
of compounds of this type. 
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Partially Miscible Liquids 


Curve 5 is characteristic of mixtures of this type, 
such as phenol and water and ether and water. In 
the composition range from E to F two solutions, 
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FIGURE 2 


Minimum Reflux Ratio-Infinite Number of Trays. Overhead 
Product — 97 mol Percent Propane. Bottoms — 3 Percent 
Propane. 









































ically the fact that the vapor evolved from liquid 
has the same composition as the liquid. A further 
consideration ofthe significance of this curve re- 
veals that the limits of fractionation for any mixture 
located between A and D would be a pure com- 
ponent, A representing the less volatile compound 
and mixture D composed of a certain percentage of 
acid. Likewise any mixture between D and pure B 
would have the limits D and B as the maximum de- 
gree to which fractionation could be carried out. The 
addition of some third component such as a salt 
might change the solubility relationships in such a 
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way that better fractionation could be attained. MOL FRACTION 


PROPANE IN LIQUID 


FIGURE 4 


Ratio Reflux to Vapor — 0.667 (above feet) 6 Theoretical 
Trays Required. Overhead Product — 97 Percent Propane. 
Bottoms 3 Percent Propane. 


separate and distinct from each other, can exist. One 
phase may be a solution of water saturated with 
phenol and the other phenol saturated with water. 


Effect of Reflux Ratio on Number of Trays 


In Part VIII of this series, a propane N-Butane 
system was analyzed for a condition where the ratio 
of liquid reflux to vapor rising in the column was 
substantially unity. Columns of this type would in- 
clude laboratory apparatus and certain industrial 
equipment where relatively small quantities of rather 
pure compounds are desired. In such cases heat con- 
sumption and cooling costs are unimportant in com- 
parison with the high degree of fractionation de- 
sired. Fewer theoretical plates or trays are required 


Mo. FRACTION 


PROPANE IN VAPOR 





2 od 6 8 I in such columns to effect the separation which may 

Mou FRACTION be called for. 
PROPANE IN LIQUID Many commercial columns are expected to produce 
FIGURE 3 fairly pure products, however the cost of heat must 
invariably be balanced against the first cost of the 


nate Satine ob Vaper = O46 (above fund) 3.8 Theoretical tower. In other words, a column with many trays 


T Required. Overhead Product — 97 Percent Propane. ; : 
2 ap Acgeee ibctnaaie axe 3 Pensent om, = and a low reflux ratio can effect the same fractiona- 
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FIGURE 5 
Ratio Reflux to Vapor — 1.0. 2.9 Theoretical Plates 
Required, Overhead Product — 90 mol Percent Propane. 
Bottoms — 10 Percent Propane. 


tion as a tower having fewer trays and a high reflux 
ratio. Just which one to choose depends upon the 
economic balance between these two factors. For 
example, a cheap supply of fuel and water would 
be an incentive for the manufacturer to reduce the 
number of trays in a proposed fractionating tower. 


Minimum Reflux Ratio 


In order to accomplish a given degree of fractiona- 
tion, there is a theoretical minimum reflux ratio 
below which the desired result cannot be accom- 
plished. Just as the maximum ratio of unity be- 
tween reflux and vapor is never carried out in actual 
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FIGURE 6 


Ratio (Reflux to Vapor) = 0.667 (above feed plate). 3.6 
Theoretical Plates Required. Overhead Product — 90 mol 
Percent Propane. Bottoms — 10 mol Percent Propane. 
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plant operation, so is the other extreme, the mini- 
mum ratio, impractical from an industrial standpoint. 
With the maximum ratio no production could theo- 
retically be removed from the base or from the top 
of the tower, while the minimum reflux ratio would 
require an infinite number of trays. 

Such a set of operating lines is shown in Figure 2 
for minimum reflux ratio and overhead and bottoms 
having respectively 97 mol percent and 3 mol percent 
of the more volatile constituent. 


Intermediate Reflux Ratios 
Commercial fractionators and stabilizers operate 
with reflux ratios falling between the two extremes 
which have just been discussed. In Figure 3 it is 
shown graphically by the McCabe Thiele diagram 
that 8.8 theoretical plates will be required for a reflux 
ratio of 0.4. A further increase in this ratio up to 
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PROPANE - IN LiQuiD 
FIGURE 7 


Ratio (Reflux to Vapor) — 0.4 (above feed plate). 4.4 
Theoretical Plates Required. Overhead Product — 90 mol 


Percent Propane. Bottoms — 10 mol Percent Propane. 


0.667 (Figure 4) causes the number of plates to be 
reduced to 6.0, while a reflux ratio of 1.0 (as shown 
in a previous paper® brings the number of theoretical 
plates down to 4.5. In an actual tower, of course, 
fractional parts of plates could not be built. It is 
probable that a larger number of actual trays would 
be built into a tower than the theoretical number 
although there are cases where the overall efficiency 
of a plate may be greater than 100 percent, due to 
the fact that there is a concentration gradient across 
the plate. The efficiency at any point in a plate, of 
course, would be less than 100 percent. The most 
exact way of measuring the efficiency of a plate is 
to compare the actual approach toward equilibrium 
conditions by analyzing the vapor above and below 
the tray as well as the liquid on the tray. Murphree* 
has expressed the efficiency of a plate as follows: 


Ya = Emyn* + (1 — En) ya—l1 
in which y,* is the vapor in equilibrium with the 
liquid on plate n, and Em is the Murphree efficiency 


factor. 
Carey’ has shown that the efficiency of a plate 
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can be determined fairly well by measuring the tem- 
perature of the vapor above and below the plate as 
well as the liquid on the plate. He expressed this 
temperature efficiency as follows: 


Ti—T: —HS9 
Ex = ———— = 1— e Mc V’ 
Ti — Ti 


in which Er = “temperature efficiency” of the plate. 
T:= temperature of vapor entering plate. 
T:= temperature of vapor leaving plate. 
i= temperature of liquid on plate. 


From an experimental standpoint it would be much 
easier to determine the efficiency of a tray by taking 
temperatures rather than that of analyzing the vapor 
and liquid phases. 

If a 50-50 mixture of propane and normal butane 
is to be given less fractionation so that the overhead 
product is 90 mol percent propane and the bottoms 
10 percent propane, the number of theoretical trays 
required for such separation would be far less than 
those needed for making 97 mol percent propane. 
This is brought out in Figures 5, 6 and 7, where it 
is found that 2.9, 3.6, and 4.4 plates are required for 
reflux ratios of 1.0, 0.667 and 0.4, respectively. 

The results of these studies have been summar- 
ized in Figure 8 in order to show the effect of reflux 
ratio above the feed plate on the number of theoret- 
ical plates required for given separations. 

In conclusion, it may be said that the design of 
any fractionator involves among many other con- 
siderations, the economic balance between the initial 
cost of the tower and the operating cost of provid- 
ing heat to the feed stream and the base of the 
tower, as well as a cooling medium for the overhead 
reflux. The greater the number of plates in the tower, 
the less will be the heating load in the quantitative 
cooling medium to condense the overhead vapor 
stream. It is easy to see that the ratio of reflux to 
vapor must fall somewhere between the two ex- 
tremes, namely the minimum reflux ratio for a tower 
with infinite plates and the maximum ratio for a 
reflux ratio of unity between the overflowing liquid 
and the ascending vapor. 

In a number of refineries and gasoline plants the 
reflux ratio is often given as the ratio of the number 
of parts of reflux to those of overhead production. 
For example, a reflux ratio of one for overflow to 
vapor is equivalent to an infinite ratio of reflux to 
production. A reflux ratio of 2/3 for overflow to 
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RATIO OF REFLUX TO VAPOR 
ABOVE FEED PLATE 


FIGURE 8 
Effect of Reflux Ratio on Number of Theoretical Plates. 
Feed = (50-50) C; & N C, Mixture. Curve 1 — Overhead 
Product 90 Percent C; Bottoms 10 Percent C;. 2 — Over- 
head Product 97 Percent C; Bottoms 3 Percent C;. 








vapor would be equivalent to a reflux ratio of 3 to 1 
in comparing the overflow to the overhead pro- 
duction. 

The next paper wil! deal with further discussions 
of the design of fractionating columns. 
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Surplus Gasoline Chief Flaw 
In Oil Picture 


( ¥* oil industry has continued 
to hold the advantage of relatively 
large total demand for its products, 
despite poor export business; and 
operations at wells and refineries 
have been generally upon an eco- 
nomic basis, with the result that 
inventories currently are mostly 
satisfactory, with exception of 
gasoline stocks, which long have 
been excessive. 

The dearth of foreign business 
and the market-depressing gasoline 
stocks remain the chief handicaps 
of the industry ; and although there 
is no remedy for the former, the 
industry could alleviate the gaso- 
line situation in coming months by 
rigidly holding down the yield of 
that product at the refineries, while 
also strictly limiting crude runs to 
stills, in line with actual require- 
ments for fuel oils, lubricants, and 
other products. 

Limitation of refinery runs to 
comparatively low levels likely 
would be facilitated by the fact 
that the industry is entering the 
fall-winter period with a relatively 
large inventory of heating oil, 
which may make unnecessary the 
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production of large quantities of 
surplus gasoline. 

It is generally regarded as likely 
that domestic demand for gasoline 
will continue, as _ heretofore, to 
show gains of 5 to 6 percent over 
a year previously, and that exports 
henceforth may be down 40 to 50 
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percent, as they have been lately, 
indicating that total demand may 
be up around 3 percent. Such a 
gasoline situation may prevail at 
least until next spring. 

Economists have estimated that 
even if gasoline demand is com- 
paratively large next spring and 
summer, it could be efficiently and 
amply fulfilled without the neces- 
sity for more than 85,000,000 bar- 
rels in storage at the outset of that 
heavy-consuming period, that is, 
on March 31, 1941. 

On the assumption that brisk 
business in heating oils will induce 
refiners to take subnormal yields 
of around 43 percent of gasoline 
from the crude they process, econ- 
omists have calculated that gaso- 
line stocks could be held down to 
the 85,000,000-barrel economic level 
as of March 31 only by restricting 
crude runs to stills to an average 
of 3,400,000 barrels daily between 
September 30, 1940, and March 31, 
1941. 

Such curtailment of refinery op- 
erations appears unlikely, however, 
in the light of recent trends. Runs 
to stills jumped 100,000 barrels in 
the week ended September 21, to 
near-record proportions of 3,680,- 
000 barrels daily. (The all-time 
high was 3,690,000 barrels, reached 
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This photograph illustrates the wide size 
range of Elliott ejectors. The two large 
boosters lying on the floor have 30” 
diameter vapor inlets, the three stand- 
ing vertically have 20” diameter vapor 
inlets, and a very small and a moderate- 

size single-stage 
ejector are shown in 
the foreground. 
















VACUUM 
requirements 


ee ee mee 






¢ 








REFINING ano PROCESS 


industries know that the 
best and most economical. 
way to maintain vacuum 
on units of any size is by 
means of steam jet ejectors. 
Elliott ejectors are in use in 
all such industries. They 
are designed exactly to the 
job to be done. Single-stage 
or multi-stage ejector units 
are employed, depending 
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upon conditions; such as Shipping room photograph of four Elliott four-stage ejectors. 
5 . These units will maintain an operating pressure of less than 
- the vacuum to be madin- 2 mm. absolute on a distillation process. The larger boosters 
n tained, amount of vapor to be handled discharge non-condensing into the smaller boosters. These 
Es : pe in turn discharge to the barometric condensers, which are 
temperature and amount of condensing served by the two-stage ejectors. ied 


water available, etc. 


é Our engineers know how to fit Elliott 
in ejectors most efficiently to your ELLIOTT COMPANY 
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BARRELS 


in the week ended June 22, 1940.) 
However, some promise is offered 
by the fact that runs were held to 
3,435,000 barrels daily in the week 
ended August 10 and to 3,485,000 
barrels in the week of August 24, 
with crude production held down 
by the natural decline in Illinois 
and strict August allowables in the 
Mid-Continent. 

When allowance is made for the 
use of about 125,000 barrels of do- 
mestic crude daily for other pur- 
poses, it is indicated that the hold- 
ing of gasoline stocks to 85,000,000 
barrels as of March 31 would re- 
quire restriction of crude produc- 
tion in the fall and winter to an 
average of 3,525,000 barrels daily. 

Actually, crude production in the 
United States averaged 3,630,000 
barrels daily in the first three 
weeks of September. But in Au- 
gust, output was more strictly 






1938 





BARRELS 


1938 


Source of Data: Bureau of Mines. 


curtailed, having averaged almost 
exactly 3,500,000 barrels in the four 
weeks ended August 31. 


Total Oil Demand Holds Above 1939 Curve Despite Sharply 
Curtailed Exports 


Figures indicate barrels, and are from Bureau of Mines 
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JULY FIRST SEVEN MONTHS 
Percent Percent 
1939 1940 Change 1939 1940 Change 
SUMMAR Y— 
Total Demand............ 117,286,000 | 117,702,000 |+ 0.4 | 794,162,000 | 830,640,000 |+ 4.6 

ae verge a eee 3,783,000 3,797,000 |+ 0.4 3,746,000 000 |+ 4.1 
aan nt dnb widaietd 7,304,000 5,607,000 |— 23.3 42,253,000 32,022,000 |— 24.2 

Refined products.......... 9,622,000 6,219,000 |—__ 35.4 68,505,000 49,935,000 |— 27.1 
Total exports........... 16,926,000 | *11,826,000 |— 30.1 | 110,758,000 | 81,957,000 |— 26.0 

Domestic Demand: 

Total domestic demand... .} 100,360,000 | 105,876,000 |+ 5.5 | 683,404,000 | 748,683,000 |+ 9.6 
Daily average.......... 3,237,000 3,415,000 |+ 5.5 3,224,000 3,515,000 |+ 9.0 

TOTAL DEMAND FOR 

PRODUCTS 
Motor Fuel: 

MIN 6 occ ceks cutee 50,508.000 | 53,865,000 |+ 6.6 | 308,726,000 | 332,487,000 |+ 7.7 

Ex rte DBRS aD 3,585,000 1,686,000+|— 53.0 320-980.000 91 270.000 re “3 
eo aT i as ,09% r 706, 263, ; 

Aviation re 54,093,000 55,551,000 |+ 2 35,706,000 

(includei above): 

SIs ish in o's ccc wwe Pre t 3,091,000 |......... 

Raperts Seeeeh Bich s 4 waren 266.000 210,000 |— 21.0 2,872,000 2,102,000 |— 26.8 
Reese gree fie 5 cas yc cs | rR Seyret 5,193,000 |......... 

Kerosene: 

EE eas 3,710,000 4,257,000 |+ 14.8 33,772,000 | 39,305,000 |+ 16.4 

Ruperts Side hha y 8b bulan co 774,000 227,000 |— 70.7 4,499,000 2,518,000 |— 44.0 
SEY ee eee 4,484.000 4,484,000 0.0 38,271,000 | 41,823,000 |+ 9.3 

Gas Oils & Distillate Fuels: 

ES en enc cuec ccc. 6,938,000 7,493,000 |+ 8.0 78,157,000 | 94,300,000 |+ 20.6 

E Se 2,857,000 1,837,000 |— 35.7 18,775,000 13,163,000 |— 29.9 
Er Reet 9,795 9,330,000 |—-_ 4.8 96,932,000 | 107,463,000 |+ 10.9 

Residual Fuel Oils: 

See 23,442,000 | 23,800,000 |+ 1.5 | 179,352,000 | 190,937,000 |+ 6.5 
pau EK Eee 1,144,000 1,387,000 |+ 21.2 10,521,000 9,097,000 |— 13.5 
ES ES Pee 24,586,000 | 25,187,000 |+ 2.4 | 189,873,000 | 200,034,000 |+ 5.3 

Lubricants 
ee 1,982,000 1,871,000 5.6 13,035,000 13,677,000 |+ 4.9 
DET whale da Goes 0 a4 1,022,000 741,000 |— 27.5 6,280,000 7,500,000 |+ 19.4 
RIO SR ieee 3,004,000 2,612,000 |— 13.1 19,315,000 | 21,177,000 |+ 9.6 

Wax (pounds) 

Ns Ge en 8 16,897,000 | 30,333,000 |+ 78.6 | 147,919,000 | 177,188,000 |+ 19.8 
MNS 16 4 Code hus a’ bn 16,655,000 8,992,000 |\— 46.0 | 141,613,000 | 138,798,000 |— 2.0 
| ST Pe eer es 33,552,000 39,325,000 |+ 17.2 | 289,532,000 | 315,986,000 |+ 9.2 - 

Coke (short tons): 

a ae I 90,700 120,300 |+ 32.4 758,900 789,700 |+ 4.1 

MI So is's cee teks eca 31,500 20,100 |— 36.2 148,400 137,100 |— 7.6 
Seen 122,200 140,400 |+ 14.9 907,300 926,800 |}+ 2.2 

a (short tons): 
NE 6h oa cad 554, 100 658,100 |+ 18.8 2,472,400 2,543,500 |+ 2.9 

SR Gonna: 3,000 _ arr 26,800 | 
DBD b dibiiia occa cc's 557,100 dt re 2,499,200 p> St era 

Road Oil: 
Pe eae 1,585,000 1,629,000 |+ 2.8 4,338,000 4,016,000 |— 7.4 
Miscellaneous 
MEDS. 6 «Care cues «ue 182,000 215,000 |+ 18.1 1,295,000 1,115,000 |— 13.9 
Dean's cde tke e-acw'e ohh 8,000 72,000 |+ 800.0 56,000 696,000 | +1142.0 
PEAS AN dis becvdaccae 190,000 287,000 |+ 51.0 1,351,000 1,811,000 























* Exclusive of 9,000 barrels exported from non-contiguous territories but inclusive of 850,000 barrel 
shipped from U. S. to territories. + Includes benzol, 1,000 barrels in July, 1940. t Not availables 
§ Beginni 1940, includes both manufactured and unmanufactured asphalt; only unmanufactured 


gomuery. 
asphalt being previously shown. 
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Considerable encouragement for 
the industry, with regard to the 
gasoline and fuel oil situations, was 
embodied in the lately issued report 
of the Bureau of Mines forecasting 
demand for October and discussing 
the current situation. “Stocks of 
distillate fuel oil have reached a 
point 7 million barrels above a year 
ago,” the bureau stated, “which 
indicates the possibility of a fur- 
ther curtailment in crude runs dur- 
ing the winter months. This auto- 
matically would help to correct the 
gasoline inventory situation. It 
may be possible to keep gasoline 
stocks at a practically stationary 
level during the last quarter of 
1940 as compared with the abnor- 
mal increase of almost 12 million 
barrels in the same period of 1939.” 
(The gasoline inventory totaled 
82,960,000 barrels on September 
21.) The bureau previously had 
pointed out that the fuel-oil situa- 
tion had become easier, due to a 
smaller increase in domestic de- 
mand than was anticipated and to 
the expectation of decreased ex- 
ports and larger imports. 

No material change in the cur- 
rent trend of petroleum demand is 
at present within sight. The most 
recent estimate was that of the 
Bureau of Mines, forecasting that 
domestic motor-fuel demand would 
be 7% percent larger in October, 
1940, than in October, 1939. At the 
same time, the bureau stated that 
forecasts of the principal shippers 
indicated relatively low gasoline 
exports again for October, and that 
the agency estimated exports at 
1,600,000 barrels, the same as for 
September but less than half the 
actual of October, 1939. These fore- 
casts indicated that total demand 
for gasoline would be 1,470,000 
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TUBE SUPPORTS cast in Ni-Resist by Hillis & Sons, 
Ltd., Nova Scotia for Imperial Oil, Limited, 
Canada. 


CORROSIVE SERVICES— 


The Valve Division of the 
Reed Roller BitCo., Houston, 
Texas, recommends using 
non-magnetic corrosion- 
resistant Ni- Resist in Reed 
valves which control brine, 
acids, caustics, chemicals, 
sludges or other corrosives 
GAS COOLER HEAD cast in Ni-Resist by harmful to plain cast irons. 
\tlantic Foundry Co., Akron, for Griscom- 
Russell Co., New York, N. Y. 


*Ni-Resist—Reg. U. S. Pat. Off. by The In- 
ternational Nickel Company, Inc.—3?¢278,180. 


a For quick, practical answers to your metal problems, please address: 


THE INTERNATIONAL NICKEL COMPANY, INC. Scwrvone’s.© 
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barrels, or 2.8 percent, greater in 


October, 1940, than in October, 
1939. 

They also indicated that the total 
demand for United States oils 
should be about the same in Octo- 
ber of this year as in October of 
last year, despite sharply lower ex- 
ports. For the estimates of gaso- 
line demand in October, both do- 
mestic and foreign, are practically 
the same percentage above a year 
ago as were the actual require- 
ments in July, latest month for 
which figures are available; and in 
that month, total demand for all 
oils was 0.4 percent above a year 
previously, with total domestic de- 
mand up 5.5 percent and total ex- 
ports down 30 percent. Crude oil 
shipments in July were off 23 per- 
cent and exports of refined prod- 
ucts in the aggregate were down 
35 percent. 

The Bureau of Mines has esti- 
mated that exports of crude oil will 
amount to 3,900,000 barrels in Oc- 
tober, the same as the quantity 


Changes From Year Ago in 
Stocks of Crude and Refined 
Oils in the United States 


(Figures indicate barrels) 
LATEST WEEKLY DATA 











(Sources: Crude stocks, Bureau of Mines; all 
other figures American Petroleum Institute.) 
‘ Septemb September | Percent 
STOCKS OF: 21, 1939 21, 1940 Change 
Gasoline. sceeeeseees| 71,395,000 | 82,960,000 | +16.2 
Gas Oil & Distillate..| 37,984,000 | 47,163,000 | +24.2 
Residual Fuel Oil....| 114,588,000 | 108,191,000 | — 5.6 
Crude Oil........... "233,016,000 |2262,475,000 | —12.6 














LATEST MONTHLY DATA 
(Source: Bureau of Mines.) 








Stocks at End of July 














Percent 
ITEM 1939 1940 Change 
SUMMARY— 
Crude Petroleum: 
Refinable in U.S... .| 270,570,000 | 263,498,000 | — 2.6 
Heavy in California.| 14,375,000 | 13,204,000 | — 8.1 
Natural Gasoline..... 7,123,000 7,584,000 | + 6.5 
Refined Products... ..| 279,380,000 | 289,071,000 | + 3.5 
Total, all oils... .| 571,448,000 | 573,357,000 | + 0.3 
Day's supply: 
uly Basis....... 151 151 0.0 
7 Months Basis. . 153 147 | — 3.9 
PRODUCTS— 
ine: 
Finished 71,824,000 82,025,000 | +14.2 
Unfinished........ 6,019,000 7,040,000 | +16.9 
A aig a 77,843,000 | 89,065,000 | +14.4 
Aviation Gasoline 
(included above). . 3 4,099,000 |....... 
I, «bn ak << 8,855,000 8,191,000 | — 7.5 
“Gas Oil & Distillate 
DS ee oases 27,581,000 | 30,134,000 | + 9.3 
‘Residual Fuel Oils. . . 305, 6,255,000 | —10.4 
Lubricants......... 7,179,000 8,573,000 | +19.4 
Wax (pounds)....... 109,322,000 | 113,978,000 | + 4.3 
Coke (short tons)... . 733, 78, — 7.5 
Asphalt (short tons) . 596,000 623,000 | + 4.5 
NaN a nonk de 1,085,000 1,077,000 | — 0.7 
Miscellaneous... .. . 285,000 417,000 | +46.3 
Other Unfinished Oils} 40,296,000 | 42,083,000 | + 4.4 














1 Stocks, September 16, 1939. 
2 Stocks, ber 14, 1940. 
8 Not avai 

4 At refineries only 
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Oil Exports Down 17 Percent in First 11 Months of War, 
and Off 30 Percent in July 









































ELEVEN MONTHS PERIOD MONTH OF JULY 
Ended Ended 
July 31, July 31, Percent Percent 
ITEM 1939 1940 Change 1939 1940 Change 
Cen GR. 5 icc de vbdan es un’ 65,095,000 55,877,000 |— 14.2 7,304,000 5,607,000 |— 23.3 
Products: 
ee eee ee ee 44,155,000 28,147,000 |— 36.2 3,585,000 61,686,000 |— 53.0 
Aviation gasoline (included 
GQUOWE). .ndesvewsce. cide 12,872,000 23,035,000 |+ 5.7 266,000 210,000 |— 21.0 
ee SG Oe 7,127,000 5,221,000 ‘|— 26.7 774,000 227,000 |— 70.7 
Gas oil and distillate. ..... 27,460,000 23,048,000 |— 16.1 2,857,000 1,837,000. |—- 35.7 
Residual fuel oil. ......... 16,851,000 14,453,000 |— 14.5 1,144,000 1,387,000 |+ 21.2 
ee, 9,222,000 11,997,000 |+ 30.1 1,022,000 741,000 |— 27.5 
Wax (pounds)............ 226,535,000 | 215,176,000 |— 5.0 16,655,000 8,992,000 |— 46.0 
Coke (short tons)......... 223,000 35,000 |}+ 5.4 31,500 20,100 |— + 36.2 
Asphalt (short tons)....... 44,900 $495,200 |......... 3,000 , 2 eres ae 
Miscellaneous oils. ........ 95,000 759,000 |+ 700.0 8,000 72,000 |+ 800.0 
4Total Refined Products..... 106,101,000 86,417,000 |— 18.6 9,622,000 6,219,000 |— 35.4 
Total Crude and Products...{ 171,196,000 | 142,294,000 |— 16.9 16,926,000 | 511,826,000 |— 30.1 
1 September, October, November, 1938, not included. 2 September, 1939, not included. 3 Beginning 


January, 1940, includes both manufactured and unmanufactured asphalt; only unmanufactured asphalt 


being previously shown. 


4 Not the sum of the above figures, some of which do not indicate barrels. 


5 Ex. 


clusive of 9,000 barrels experted from non-contiguous territories, but inclusive of 850,000 barrels shipped 


from U. S. territories. 


forecast for September but 3,000,- 
000 barrels less than the 6,947,000 
barrels shipped out in October, 
1939. 

The trend of demand has been 
generally the same for the various 
refined products: relatively good in 
so far as domestic use is concerned, 
but unfavorable with respect to 
shipments abroad. The total de- 
mand for gasoline was up 2.7 per- 
cent in July, with domestic con- 
sumption 6.6 percent greater than 
in July, 1939, and with exports off 
53 percent. Total demand for kero- 
ene was the same as a year pre- 
viously, with domestic use 14.8 per- 


6 Includes benzol, 1,000 barrels in July, 1940. 


cent greater but exports down 70.7 
percent. Light fuel oils showed a 
net decrease of 4.8 percent, as an 
8 percent gain in domestic use was 
outweighed by a 35.7 percent cur- 
tailment of exports. Heavy fuel oils 
were required in 2.4 percent larger 
quantity, as there were gains of 1.5 
percent for domestic demand and 
21.2 percent in exports. Total de- 
mand for lubricants was down 13.1 
percent, in reflection of decreases 
of 5.6 percent in domestic use and 
27.5 percent in shipments to other 
countries. 

3ecause of the relatively higher 
trends of demand, export and do- 


U. S. Exports of Crude Petroleum and Refined Products 
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Source of Data: Bureau of Mines. 
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Type G-MV, 400 and 
600-hp compressors 
at Tide Water-Seaboard’s 
Cayuga No. 2 recycling 


plant. 


Type G-MV units in the pressure-mainte- 
nance plant of Abercrombie-Harrison 


companies at Sweeny, Texas 


Because... 


@ More Power In Less Space . . . “Vv” power cylinders give Easy to Transport and Install . . . Shipped by rail or truck, 


HE COO 


b A " a \ sy: ) } . Z + } + “~ + T 4 
43rd St New York City i 1 : } . 


double horsepower over straight “angle” type units. V-angle design 
saves housing and foundation costs. 


Husky, for the Toughest Jobs. .. G-MV combines rugged- 
ness with compactness. Meehanite Metal for all iron cast parts. Over- 


size crankshaft. Oversize bearings . . . two between each throw. 


Silent-Scot Fuel Injection . . . Quiet and thrifty! No raising 
or lowering of valves to regulate fuel flow. No clatter. Equal load 
distribution among cylinders. Quantity of fuel automatically governed. 


There’s a new G-MV catalog just coming off the presses 


completely assembled except for attaching compressor cylinders. 
Quickly installed and put into service. 


Streamlined Scavenging . . . Scavenging air furnished by 
separate scavenging pistons for each crankthrow. A steady... not 
intermittent . . . flow of fresh air directed scientifically into cylinders. 


Oil-Cooled Pistons . . . for lower piston temperatures, 
reduced cylinder-to-piston clearance, less wear, improved lubrication 
and elimination of “ stuck” rings. 


giving complete details. 


Write for your copy. 
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mestic, in the earlier months of this 
year, as compared with more re- 
cent months, figures for the first 7 
months were better than those for 
July. Total demand for United 
States oils in the first 7 months of 
1940 was 4.6 percent (36,000,000 
barrels) larger than that in the 
corresponding months of 1939. 
Domestic demand was up 9.6 per- 
cent, and total exports were down 
26 percent, with crude shipments 
off 24.2 percent and refined product 
exports down 27.1 percent. 

For the 7 months, total demand 
for gasoline was up 3.5 percent, 
with domestic use 7.7 percent 
larger and exports off 45.2 percent. 
A 9.3 percent gain for kerosene 
demand resulted from a 16.4 per- 
cent increase in domestic demand 
and a 44 percent decrease in foreign 
shipments. Light fuel oils showed 
a 10.9 percent increase in total de- 
mand, as a 20.6 percent gain in 
domestic consumption more than 
compensated for the 29.9 percent 
decrease in exports. Heavy fuel 
oils were used in 5.3 percent larger 
quantity, as home consumption was 
up 6.5 percent, while exports were 
off 13.5 percent. Lubricants showed 
a 9.6 percent gain for the 7 months, 
with domestic use 4.9 percent high- 
er and exports 19.4 percent greater. 

The effect of the European war 
on the oil industry of the United 
States is reflected in an accom- 
panying table, in which shipments 
are shown for the first 11 months 
of the war and for July, in com- 
parison with corresponding periods 
a year earlier. 

In the first 11 months of the war, 
all exports of crude and refined oils 


totaled 142,294,000 barrels, which 
was 29,000,000 barrels, or 17 per- 
cent less than shipments in the like 
months a year before. Exports of 
crude, having totaled 55,877,000 
barrels, were off 9,000,000 barrels, 
or 14 percent. Shipments of refined 
products in the aggregate, having 


Oil Imports for Domestic 
Use Up Sharply 


Figures indicate barrels and are from 
Bureau of Mines. 
































Crude Refined 

MONTH Oil Products Total 
January: 

Jan., 1939....| 1,373,000 609,000} 1,982,000 

Jan., 1940....} 1,664,000} 1,321,000} 2,985,000 
Percent Change. +21.2 +117.1 +52.0 
February: 

Feb., 1939....| 1,266,000 654,000} 1,920,000 

Feb., 1940....] 2,343,000) 2,731,000) 5,074,000 
Percent Change. +85.0 +320.0 +164.0 
March: 

Mar., 1939...| 1,404,000 659,000} 2,063,000 

Mar., 1940...| 2,895,000} 3,410,000) 6,305,000 
Percent Change. +106.2 +417.4 +205.6 
April: 

April, 1939...} 2,648,000 366,000} 3,014,000 

April, 1940...} 3,041,000} 1,948,000) 4,989,000 
Percent Change. +14.8 +432.0 +65.5 
May: 

May, 1939...| 3,434,000 529,000} 3,963,000 

May, 1940...) 3,921,000 934,000} 4,855,000 
Percent Change. +14.2 +76.5 +22.5 
June: 

June, 1939...} 3,196,000 750,000} 3,946,000 

June, 1940...| 3,488,000} 2,056,000) 5,544,006 
Percent Change. +9.1 +174.1 +40.5 


July: 
July, 1939.... 





2,539,000 608,000} 3,147,000 

July, 1940....| 3,981,000] 2,000,000} 5,981,000 

Percent Change. +56.8 +228.9 +90.0 
Ist 7 Months: 

RABY 15,860,000} 4,048,000) 19,908,000 

| 21,333,000} 14,400,000) 35,733,000 





Percent Change. +34.5 +255.8 +79.5 

















U.S. IMPORTS OF CRUDE AND REFINED OILS FOR DOMESTIC USE 
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amounted to 86,417,000 barrels, 
were down 10,000,000 barrels, or 
18.6 percent. Gasoline exports were 
down 6,000,000 barrels, or 36 per- 
cent, from 44,155,000 to 28,147,000 
barrels. Kerosene shipments were 
off 2,000,000 barrels, or 26.7 per- 
cent, from 7,127,000 to 5,221,000 
barrels. Exports of light fuel oils 
were down 4,500,000 barrels, or 16 
percent, from 27,460,000 to 23,048,- 
000 barrels. Heavy fuel oils showed 
a decrease of 3,500,000 barrels, or 
14.5 percent, from 16,851,000 to 
14,453,000 barrels. Lubricants were 
the only major product shipped out 
in larger quantity than before the 
war started, exports in the 11 
months having totaled 11,997,000 
barrels, which amount was 2,775,- 
000 barrels, or 30 percent, greater 
than that of 9,222,000 barrels for 
the corresponding months a year 
earlier. 


Federal Gasoline Tax Up in 
August; Pipe Line Drops 


Collections from the federal taxes 
on gasoline and lubricating oils 
jumped sharply in August as a re- 
sult of the defense increases of one 
half cent per gallon which were 
applied beginning July 1 under the 
1940 revenue act, it was reported 
by the Internal Revenue Bureau. 

August collections from the gas- 
oline tax amounted to $33,455,- 
757.75 as compared with $17,595,- 
718.33 in July and $20,163,543.32 
in August of last year, while re- 
ceipts from lubricating oil amount- 
ed to $5,072,407.90, compared with 
$2,272,096.62 in the preceding 
month and $2,576,281.39 in the 
same month of 1939, the bureau an- 
nounced. 

Revenue from the tax on pipe- 
line transportation, despite the in- 
crease from 4 to 4% percent, was 
at a very low level, only $382,573.45 
being collected as against $1,690,- 
853.55 in July and $1,022,073.35 in 
August, 1939. 

With the increased revenue from 


_the defense tax, total collections 


from gasoline for the first eight 
months of the current year jumped 
to $158,811,047 as compared with 
$137,835,536 in the corresponding 
period in 1939, while the return 
from lubricating oils reached $22,- 
474,340 as compared with $19,108,- 
098. Despite the low August reve- 
nue, collections from transporta- 
tion totaled $8,041.477 for the eight- 
month period, against $7,404,014 
last year. 
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[HE CHOICE 


HEN you put a Bristol’s instrument to work for 

you on important petroleum processing, you will 
immediately be impressed by Bristol’s accuracy, respon- 
siveness, simplicity. These three features are adequately 
demonstrated here at the Barber Asphalt Corporation, 
Barber, N. J. as in many other plants which are now 
served by Bristol’s Controllers and Recorders. 

Bristol’s Automatic Controllers give extremely accurate 
results. What is more, they stay accurate, regardless of 
severe operating conditions. 

A Bristol’s is responsive. Whether the temperature, or 
pressure, or other quantity changes violently or imper- 
ceptibly, quickly or gradually, a Bristol’s detects every 
fluctuation and controls within the prescribed limits. 

Simple, rugged, practical, a Bristol’s is just the instru- 
ment you need for insuring fine performance. 


THE BRISTOL COMPANY, WATERBURY, CONNECTICUT 


Branch Offices: New York, Boston, Philadelphia, Pittsburgh, Birmingham, Akron, Detroit, 

Chicago, St. Louis, Los Angeles, San Francisco, Seattle. Canada: The Bristol Company of 

Canada, Limited, Toronto, Ontario. England: Bristol’s Instrument Company, Limited, 
London, N.W. 10 


ENGINEERING INSTRUMENT DATA FOR SOLVING 
YOUR PROCESSING CONTROL PROBLEMS 


“Brustors 
FREE Vane 


FOR CONTROLLING 
SPECIAL 
GASOLINE TREATMENT 


Rear view of three Bristol’s Explosion-Resisting Pyromaster. 
Pyrometers installed in the gas plant of a major refinery. 


Bristol's Pyromaster Electric Thermometer 
Air-Operated Controller and Recorder 


The Pyromaster Electric Thermometer is 2 modern development 
in the field of temperature measurement and automatic control. It 
operates on the potentiometer principle and has many outstanding 
features that make it a highly desizable instrument for controlling 
modern plant processes. 


1. The temperature-sensitive element is small, regardless of the 
length of the connecting leads, and can be inserted at points 
where only a limited amount of space is available, such as in 
small pipe lines. The temperature-sensitive element can be easily 
replaced on the job should it become damaged. 


2. The Pyromaster employs electrical conductors between the 
temperature-sensitive element and the instrument. Long lengths 
of cable are thus made possible at reasonable cost. This cable can 
be easily lengthened or shortened on the job, or repaired should 
it become broken. 


3. The Pyromaster lends itself better than any other thermometer - 
to applications where long lengths of cable are required; for 

example, top tower temperature or for measuring and controlling 

temperatures in plants where the instruments are centrally lo- 

cated on a panel. 

4. An extremely accurate record is made on a 12-inch circular 

chart, which can be easily filed with other 24-hour records. Full- 

scale ranges as low as 20°F. are offered. 


Another installation of Bristol’s on important petroleum process- 
ing,—from left to right (a) Pyromaster Resistance Thermometer, 
(6) Pyromaster Temperature Recorder Controller, and (c) 
Pyromaster Recording Thermometer. 
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THE BRISTOL CO., WATERBURY, CONN. 
Please mail technical literature on items checked 

(0 Catalog 4050R Air-Operated ‘‘Free-Vane Control For Refinery 
Processes’’ 

00 Bull. 460R ‘‘Coordinated Process Control’’ 

(0 Bull, 507R ‘‘Pyromaster Potentiometer Pyrometer’’ 

00 Bull. 515, 530, 533R ‘‘Metameter For Remote Measurements’’ 

0 Bull. 447, 460, 534R ‘‘Process Cycle Control’’ 

(J Catalog 1452R ‘‘Wide-Strip Pyrometer’ 

() Catalog 1051R ‘‘Electric Flow Meter’’ 








Reeyele of Stabilizer Bottoms 


ie any process where condensa- 
tion of vapors takes place, it is 
sometimes desirable to secure as 
large a percentage of condensa- 
tion of vapors as possible. The 
percentage of condensation of a 
vapor of given composition de- 
pends upon both the temperature 
and pressure at which equilibrium 
is established between the con- 
densed fraction and the _ non- 
condensed fraction of the initial 
vapors. In most gasoline plants, 
the temperature at which conden- 
sation takes place is controlled by 
the temperature of the cooling 
water available. The pressure is 
governed by other phases of the 
process. It is sometimes impos- 
sible to vary these two factors 
sufficiently to obtain the desired 
results, except by the use of un- 
economical compression or refrig- 
eration. 

Assuming that the pressure and 
temperature of the equilibrium 


conditions cannot be varied eco- 
nomically sufficiently to obtain 
the desired result, the only other 
method of securing a greater per- 
centage of condensation is_ to 
change the composition of the 
phase or phases which are in equi- 
librium. In the case of hydrocar- 
bons, the percentage of condensa- 
tion is proportional to the ratio 
of the amount of heavy to light 
constituents in equilibrium. By in- 
troducing a stream of heavy con- 
stituents to the zone of condensa- 
tion, this ratio can be increased 
and greater condensation will 
result. 

To obtain the desired final prod- 
uct it often is necessary to secure 
a percentage of condensation 
which is not possible at the pres- 
sure and temperature at which 
equilibrium is established. As an 
example, if a process is to give 
100 percent butane recovery, no 
butane should be lost from the 
still condenser. If any butane is 


RECYCLED STABILIZER BOTTOMS. 


lost from this condenser because 
of improper condensation, it 
would have to be recovered else- 
where, which would entail the 
installation of additional expensive 
equipment. If a stream of heavier 
constitutents were introduced into 
the still condenser in the proper 
quantity, the desired condensation 
and therefore the desired composi- 
tion of the condensed fraction 
could be obtained. 

The source of this heavier ma- 
terial should be as nearly as 
possible independent of-all plant 
operation conditions or of change 
in feed materials. The only such 
source of supply is the finished 
product from the stabilizer. Re- 
gardless of variance in the com- 
position of the stabilizer feed, the 
final product is controlled to meet 
sales specifications. 

This finished product from the 
stabilizer or “stabilizer bottoms” 
may be recycled to the still con- 
denser in sufficient quantity to 
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Typical Flow Showing Recycle of Stabilizer Bottoms 
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Photo shows the Super-Diamond Pattern of “A. W.” Rolled Steel Floor Plate. Provides safe tread from any angle, under any condition. 


For every “floor trouble zone”. . . Some floors are habitually 
damp or greasy. Others quickly become hazardous. “A.W.” Rolled Steel Floor Plate elim- 
inates floor trouble zones because it is permanently non-skid. Prevents costly slipping and 
falling accidents. Reduces maintenance expense. Oil-proof, heat-proof, fire-proof, crack- 


proof. Easy toclean, quick to drain. Can be cut to any shape and installed almost overnight. 
Write for folder giving complete engineering data on “A.W.” Rolled Steel Floor Plate. 


ALAN WOOD STEEL COMPANY 


MAIN OFFICE AND MILLS, CONSHOHOCKEN, PENNA. : : SINCE 1826 : : pistRICT OFFICES AND REPRESENTATIVES—Philadelphia, New York, 
Boston, Atlanta, Buffalo, Chicago, Cincinnati,Cleveland, Denver, Detroit, Houston, New Orleans, St. Paul, Pittsburgh, Roanoke, Sanford, N.C.,St.Louis, 
Los Angeles, San Francisco, Seattle, Montreal—A. C. Leslie & Co. propucts IncLupE—Steel Products in Carbon, Copper or Alloy Analyses: : Sheared 
Steel Plates : : Hot Rolled Sheets and Strip : :“A.W.” Rolled Steel Floor Plates: : Billets, Blooms and Slabs : : “Swede” Pig Iron :: Reading Cut Nails. 
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produce total condensation, or if 
this is not desired, it may be re- 
cycled at a rate which will give 
any desired percentage of conden- 
sation between total condensation 
and that obtainable if no stabilizer 
bottoms were recycled. The actual 
quantity to be recycled depends 
Also furnished | upon plant design and operating 
with exposed conditions, composition of plant 

spring feed and the desired final product. 


In nearly all gasoline plants it 
is desirable to keep the recycled 
vapor load as low as possible. Any 
constituents which are desired in 
the final product and which are 
not condensed in the still con- 
denser to be recovered must be 
reabsorbed in a _ reabsorber or 
condensed by the use of a recom- 
pressor. By the addition of stabil- 
izer bottoms to the still condenser 
the recycle vapor load from the 
condenser can be partially or 
totally eliminated as desired. Then, 
if a reabsorber or a recompression 
cycle is necessary to recover de- 
sired constituents from vapors 
which have been vented from 
other portions of the plant, its 
efficiency of operation will be 
greatly increased. 

The recycled stabilizer bottoms 
may be added directly into the 
still condenser as liquid or may 
be used as reflux over the still. 
The effect upon the condensation 
in the still condenser is exactly 
the same. From an _ equilibrium 
standpoint it makes no difference 
in the final result whether the re- 
cycled stabilizer bottoms enter the 
condenser as a vapor or as a 
liquid. 

Large quantities of stabilizer 
bottoms may be recycled to the 

condenser with very little 


New Fluorescent Green: Sees upon the stabilizer itself. 


The recycled stock is returned to 
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FOR OIL FIELD SERVICE 


Exceptionally high discharge ca- 
pacity ... has a full throat tube 
seat area, no restriction of the 
flow. Disc is top-guided. 


Standard construction is cast steel 
body with monel trim, but can be 
furnished with any trim specified. 
Two-inch size only. 


Lonergan 


Valves... 


GAUGES ¢ SPECIALTIES 


300 Specialties for Power Plants——Since 1872 
J. E. LONERGAN COMPANY °¢ 211 Race St., Philadelphia, Pa. 











To Improve Cast... 


New Fluorescent Green produces a “Pennsylvania 
Cast”’ in lube oils. It is an additive which definitely 
will improve the salability of your lubricants. 


IE 4. g 0's 0-0. readily and complete ihe seliiiesahotak abe dhe oon 

Cofor..... unchanged by transmitted light densed vapor fraction trom: the 

STABILITY: still condenser. As it is desired 

light fast to recover all of the recycled sta- 

lida ad dl eM ales Saal ale bilizer bottoms, this portion of the 

Dia 24 «soo 64h 4's nae oad stable stabilizer feed is not vaporized 

Earn y stable in the stabilizer but merely passes 
through in the liquid state. 

TESTS: _The recycling of stabilizer bot- 

carbon residue ......... unchanged toms in no way effects the opera- 

TL eee tae eee unchanged tion of the main absorbtion unit 

SSS Pee eee unchanged other than to decrease the quan- 

tity of recycled vapors. The recy- 


cling of stabilizer bottoms is by 
far the most economical and ef- 
ficient method of obtaining the 
desired recovery of saleable frac- 
tions. Recycle. of stabilizer bot- 
toms is a new and exclusive pro- 
cess development of The Fluor 
Corporation Ltd., Los Angeles. 


Leading lube refiners in the United States and abroad 
have used Wilmot & Cassidy products for the past ten years. 
For samples, prices, and information please write to: 


Wilmot & Cassidy, Ine. 


108 PROVOST ST. BROOKLYN, NEW YORK 
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Military Theme 
For NPA Program 


The role of oil in national defense as 
well as actual war was the theme of the 
program for the thirty-eighth annual meet- 
ing of the National Petroleum Associa- 
tion, Atlantic City, September 18-20. 
Speakers from army, navy and air force 
services and men from within the industry 
gave the two general sessions’ views on 
what the industry will be expected to do 
in the military program. 

In his annual address N. H. Weber dealt 
with conditions within the industry and in 
relationships with the government. In re- 
gard to the latter he said: 

“IT am confident that no national emer- 
gency will arise which will require the 
government to assume control either of 
production or prices in any important in- 
dustry. During the first world war the oil 
industry was in a much less favorable posi- 
tion to furnish the petroleum products 
which were so vitally required by our 
allies, by our own military forces and by 
our normal domestic commerce. At that 
time supplies were limited and we had 
some gasolineless Sundays. Today, our 
proven reserves and stocks are at an all- 
time high. We say to our government and 
to our regular customers: ‘Tell us what 
you need and we will supply it. Tell us 
where you want it and we will deliver it 
there. You will have no complaint to make 
about our prices.’ ” 

His remarks as to the threat of war 
were: 

“The oil industry is also like ail Amer- 
ican industry in not wanting war. We are 
sensible enough to know that war means 
cruel losses in human lives and wasteful 
losses of serviceable property. We know 
that it destroys the culture and the ameni- 
ties which make life worth living. We also 
know that it brings an inevitable future 
day of reckoning, no matter who wins. 
We have had too much fostering of class 
hatreds in peace. We don’t want to add to 
them the race hatreds of war. We cannot 
believe that any emergency justifies dicta- 
torships. We still think of our government 
as an institution to serve us, not to man- 
age our lives. We still want the greatest 
measure of freedom that is consistent with 
freedom to others.” 

In his paper, “Pennsylvania Oils for 
National Defense,” Cary R. Wagner, chief 
chemist of The Pure Oil Company, Chi- 
cago, traced the history of both products 
and markets of oils for the area and 
pointed out that the airplane motor, like 
the automobile motor, is by mechanical 
improvements using less lubricating oil per 
mile of travel. He said that under normal 
development of the airplane it could not be 
expected to absorb the excessive bright 
stocks of Pennsylvania oils, and added: 

“However, we are today witnessing an 
accelerated production and development 
schedule unprecedented in history. Pur- 
chases of planes of every kind and de- 
scription herald a new era for aviation 
and hold promise of vastly expanded mar- 
kets for Pennsylvania lubricants. Since 
Pennsylvania oils already supply the large 
majority of commercial air-line lubrication 
needs, it is a reasonable assumption that 
they will enjoy proportionately the in- 
creased business which an enlarging com- 
nercial flying service will make possible. 
Furthermore, there is projected a great in- 
‘rease in mechanized equipment for ground 
military forces such as tanks, transport 
trucks and mobile artillery units which 
will require lubricants capable of unfailing 
performance under exacting conditions. All 
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this is definitely in the future, to be sure, 
but commencing in 1941 will rapidly ap- 
proach reality.” 

His warning to the industry was that 
it should not depend on emergencies to 
create its markets. He recommended a re- 
search program in behalf of lubricants 
from Pennsylvania oils and pointed out 
that the expense of the program ‘may well 
be less than the cost of not finding markets. 


An analysis of foreign trade, especially 
as it applies to the oil industry, was given 
by Eugene P. Thomas, president, National 
Foreign Trade Council. A discussion of 
current topics in Washington was given by 
Ray Tucker, newspaper columnist of 
Washington to complete the program of 
September 18. 

The general program for the second day 
began with the paper, “Integration, the 
Key to Efficiency in the Petroleum In- 
dustry,” by Joseph E. Pogue, vice presi- 
dent of Chase National Bank, New York. 
He classed integration as a normal develop- 
ment in an industry which is being charged 
with using integration to stifle non-inte- 
grated concerns and recommended : some 
changes in methods of operation as a way 
to meet these charges. Of integration he 
said : 

“The integrated pattern was the simple 
economic motive for finding means to re- 
duce the hazards in a speculative enter- 
prise by equalizing the risks inherent in 
the separate departments of the business, 
after the analogy of crop diversification 
in agriculture. The trend toward integra- 
tion was enhanced by certain technological 
features of the industry, such as the 
liquidity and inflammability of the mate- 
rials which practically necessitated special 





Conventions 








Oct. 
17-18 | American Institute of Mining and 
Metallurgical Engineers, Petro- 
leum Division, Los Angeles. 

25 Western Petroleum Refiners Asso- 
ciation, Ark-La-Tex Division, 
Regional Meeting, Washington- 
Youree Hotel, Shreveport. 





NOV. 
1 California Natural Gasoline Associa- 
tion, Ambassador Hotel, 
Los Angeles. 
5- 6 | American Recycling Association, 
Annual Recycling Short Course, 
Texas College of Arts and Indus- 
tries, Kingsville, Texas. 
11-15 | American Petroleum Institute, 
Stevens Hotel, Chicago. 





DEC. 
2- 6 | American Institute of Chemical 

Engineers, New Orleans. 

9-14 ——— Asphalt Conference, 


11-15 | National Chemical Exposition, 
Stevens Hotel, Chicago. 








forms of transportation; the volume of 
commodities involved which induced the 
application of mass production principles ; 
the joint-product nature of the processed 
output which required the development of 
new markets for the unwanted fractions, 
and the need for reaching the consumer 


at manifold points of utilization with small’ 


deliveries, which promoted specialized mar- 
keting facilities. In fine, integration is the 
resultant of the impact of a wide range of 
factors, economic, financial and physical, 
which have made inevitable the develop- 
ment of this convenient operating pattern 
for utilizing the petroieum resource.” 

Because of complaints against integra- 
tion, he offered this recommendation : 

“So great, however, is the pressure for 
quick action, which could only result in 
disruptive consequences, that it might be 
desirable to speed up the processes of 
orderly change by giving more concerted 
attention to the points at issue. Thus, the 
focal points of irritation could be eradi- 
cated by encouraging more frequent and 
smaller changes in crude oil prices, in closer 
harmony with costs and_ realizations; 
prompt adjustments in pipe-line tariffs in 
all cases where previous alterations have 
not brought postings into reasonable con- 
formity with costs, considering risks; and 
the introduction of a system of quantity 
discounts to jobbers and dealers based upon 
real differences in costs, so as to obviate 
any hint of preferential treatment to any 
class of outlets.” 


Robert H. Hinkley, assistant secretary 
of the Department of Commerce, “Rela- 
tion of Civil Areonautics to National De- 
fense,” and W. Averell Harriman, Na- 
tional Defense Advisory Commission, 
“Progress in Preparedness,” completed the 
final general session. 


For the morning of the second day, 
Colonel R. N. Atwell, United States Army, 
quartermaster corps, Colonel Raymond 
Marsh, ordinance department, and Com- 
mander W. C. Latrobe, United States 
Navy, gave details of what the military 
services will need in national defense. All 
pointed out that the adoption of standards, 
which would involve fewer fuels and lu- 
bricants, would be an advantage to the 
military units. 

All officials of the association were re- 
elected: N. H. Weber, The Pure Oil Com- 
pany, president; C. L. Suhr, Pennzoil Com- 
pany, executive vice president; H. A. 
Logan, United Refining Company, and 
Otto Koch, Kendall Refining Company, 
vice presidents; Herbert G. Eaton, Su- 
perior Oil Works, recording secretary, and 
G. B. Hunter, Quaker State Oil Refining 
Company, treasurer. 


C. N. G. A. Program 
November 1 


A technical program and a banquet 
in the evening will make up the pro- 
gram of the fifteenth fall meeting of 
the California Natural Gasoline Asso- 
ciation, Ambassador Hotel, Los Ange- 
les, November 1. 

Accomplishments of the association 
will be outlined by L. V. Cassady, pres- 
ident, whose subject is, “C. N. G. A. 
and Its Accomplishments During Its First 
Fifteen Years.” The report of the tech- 
nical committee will be heard at this 
session with M. W. Kirbe, General 
Petroleum Corporation, chairman. Re- 
ports of thrée subcommittees will be 
on this part of the program, when three 
new bulletins will’ be presented. These 
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reports will be by D. A. Smith, Tide 
Water Associated Oil Company, on the 
new bulletin “Physical Constants of the 
Components of Natural Gas and Gaso- 
line”; Francis Laird, The Texas Com- 
pany, on the new bulletin, “Low Tem- 
perature Fractional Analysis of Nat- 
ural Gas and Gasoline,” and C. B. 
Heartwell, Standard Oil Company of 
California, on the bulletin, “The Chart- 
man’s Manual.” 

A feature of the morning session will 
be a paper by the research department, 
United Geophysical Company, titled 
“Application of Mass Spectrometry to 
Analyses of Hydrocarbon Gas Mix- 
tures.” This paper records the progress 
made in the application of mass spec- 
trometry to gas analyses. 

The afternoon session will start with 
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or scale from refinery tubes. 


cleaning equipment. 





CUT TUBE CLEANING COSTS 


For faster, better and more economical tube cleaning, 
use Wilson E P (Extra Power) Series Heavy Duty Air Motors— 
especially designed for removing very hard or heavy coke 


The Wilson E P (Extra Power) Series cleaners, illustrated 
above, use from 25% to 40% less air but develop from 
30% to 75% more power and clean tubes cleaner and at 
less cost than ordinary tube cleaners of the same size. 

There is a Wilson Tube Cleaner, Cutter Head or other 
accessory especially suitable for cleaning any refinery tube 
or pipe that can be cleaned mechanically. 

Let us help you solve your tube cleaning problems. 
Write for the name of our representative nearest to you or 
send for a copy of our new thirty-six page catalog fully 
describing and illustrating the complete line of Wilson tube 


Henry N. Wade, Parkhill-Wade, whose 
paper, “Distillate Recovery Systems,” 
will give data on high-pressure absorp- 
tion. He will comment on the various 
types of distillate plants giving a com- 
parison of costs, advantages and dis- 
advantages. 


The second paper of the afternoon 
session will be “Processes for the Con- 
version of Light Hydrocarbons to High 
Anti-Knock Aviation Fuels,” by S. H. 
McAllister, Shell Development Com- 
pany. McAllister will review the present 
commercial methods for the production 
of high-octane fuels including various 
polymerization processes and alkyla- 
tion, both thermal and with sulphuric 


acid, as well as the latest processes 
such as hydrogenation and dehydro- 
genation. 








THOMAS C.WILSON, Inc. 


PIPE AND TUBE CLEANERS EXCLUSIVELY 


47-28 37th Street 
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Closing the afternoon meeting, C. E. 
McCartney, Petrolane, Ltd., will pre- 
sent “Commercial Butane, a Waste Ma- 
terial, Becomes a Valuable Product.” 
He will present a brief history of the 
expansion of the liquefied petroleum 
gas industry over the last 15 years, 
pointing out that commercial butane 
has a much greater economic value 
that the present market indicates and 
that it should be considered a product 
and not a waste material and, as such, 
it should carry its proportional share 
of plant overhead and plant operation. 
This paper will also deal with the use 
of commercial butanes for alkylation 
and chemical processes, the existing 
market for the product and the fact 
that it is a premium fuel in many types 
of equipment and operations. 

The association’s annual banquet will 
be held in the Ambassador Hotel 
Fiesta Room at 7 o’clock. 


A.G.A. Elects 
Officials 


Officials of the American Gas Associa- 
tion, elected at the annual meeting in At- 
lantic City, October 8, are: 

President, T. J. Strickler, Kansas City 
Gas Company, Kansas City, Missouri; 

First vice president, George F. Mitchell, 
Peoples Gas Light and Coke Company, 
Chicago; 

Second vice president, George S. Haw- 
ley, Bridgeport Gas Light Company, 
Bridgeport, Connecticut ; 

Treasurer, Ernest R. Acker, Central 
Hudson Gas & Electric Corporation, 
Poughkeepsie, New York. 

Directors chosen for two-year terms are: 
John W. Batten, Michigan Consolidated 
Gas Company, Detroit; A. F. Bridge, 
Southern Counties Gas Company, Los An- 
geles; James A. Brown, Commonwealth & 
Southern Corporation, New York; D. W. 
Harris, Arkansas Natural Gas Corpora- 
tion, Shreveport; Conrad N. Lauer, Phila- 
delphia Gas Works, Philadelphia; H. N. 
Mallon, Dresser Manufacturing Company, 
Bradford; F. H. Payne, American Meter 
Company, Erie; Herman Russell, Ro- 
chester Gas & Electric Corporation, Ro- 
chester; N. Y. Sellman, Consolidated Edi- 
son Company, New York and Marcy L. 
Sperry, Washington Gas Light Company, 
Washington. 


Roberts Heads 
Petroleum Division 


J. K. Roberts, director of research for 
Standard Oil Company (Indiana), was 
elected chairman of the petroleum divi- 
sion of the American Chemical Society 
at the annual meeting in Detroit, Sep- 
tember 10-11. The technical program of 
the division was confined to two days 
of the week required for the annual 
meeting of the society. 

M. R. Fenske, Pennsylvania State 
College, was chosen vice chairman, and 
C. R. Wagner, chief chemist, The Pure 
Oil Company, Chicago, was re-elected 
secretary. Except for one year as chair- 
man, Wagner has been secretary of the 
division for 11 years. 

Per K. Frolich, Standard Oil Devel- 
opment Company, retiring chairman, 
was elected to the board of directors. 
E. C. Williams, Shell Development 
Company, also was elected to the board. 
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ENGINEERS AND CONSTRUCTORS 
por the 


PETROLEUM INDUSTRY 





In addition to our extensive work in connection with 
licensing and _ building Houdry Catalytic Cracking and 
Treating Units during the past year or two, we have 
been active in general refinery engineering and construc- 
tion. Atmospheric and vacuum distillation units and de- 
waxing plants stand out prominently in this phase of our 
work. Sizes of units designed and constructed range from 
500 to 90,000 barrels daily capacity. 

Badger offers a complete service staffed to handle proj- 


ects anywhere. 
Licensing Agents for the Houdry Catalytic Cracking Process 


E. B. BADGER & SONS CO. 


Boston, Mass. 
New York + Philadelphia *¢ SanFrancisco * London °* Paris 


Engineers and Contractors 
for Petroleum Distillation and Refinery Equipment 

















Federal Anti-Trust Suit 





Government’s Action Drops 
Plea for Disintegration 


The Department of Justice has 
launched its long-expected suit against 
the oil industry, but devoid of the de- 
mand for disintegration which last 
month aroused the vigorous opposition 
of the National Defense Advisory 
Commission. 

The department, on September 30, 
filed its complaint in the Federal Court 
for the District of Columbia, attacking 
the buying and marketing practices of 
22 major oil companies and their sub- 
sidiaries and affiliates and naming the 
American Petroleum Institute as a 
party to the proceedings. 

At the same time, Attorney General 
Robert H. Jackson announced that 
suits would be filed against three pipe 
line companies under the Elkins Act 
and, in a letter to Senator Guy M. Gil- 
lette of Iowa, urged that Congress en- 
act such divorce or other legislation as 
may be necessary to protect the Na- 
tion’s oil reserves. 

While the disintegration issue is not 
now to be pressed, the department em- 
phasized that it had not been aban- 
doned, but may be revived at a more 
opportune time or even in the trial of 
the suit just filed if it appears “that 
the abuses in the oil industry can be 
corrected in no other way.” 

The 22 companies named in the suit 
are The Atlantic Refining Company, 
Barnsdall Oil Company, Cities Service 
Company, Consolidated Oil Corpora- 
tion, Continental Oil Company, Gulf 
Oil Corporation, Mid-Continent Petro- 
leum Corporation, The Ohio Oil Com- 
pany, Phillips Petroleum Company, 
The Pure Oil Company, Shell Union 
Oil Company, Skelly Oil Company, 
Socony-Vacuum Oil Company, Stand- 
ard Oil Company of California, Stand- 
ard Oil Company (Indiana), Standard 
Oil Company of Kentucky, Standard 
Oil Company of New Jersey, Standard 
Oil Company of Ohio, Sun Oil Com- 
pany, The Texas Corporation, Tide 
Water Associated Oil Company, Union 
Oil Company, and approximately 330 
subsidiaries. 


Against Producers 


For the first time in its current trust- 
busting campaign, the government went 
into the production phases of the in- 
dustry, charging, among other things, 
that the defendants: 

Have conspired to fix and maintain, 
uniform, noncompetitive prices to be 
paid by them for crude purchased from 
independent producers and to be 
charged by them for crude sold to inde- 
pendent refiners; 

Have conspired to restrict the pro- 
duction of crude oil and the manu- 
facture of petroleum products; 

Defendants who control gathering 
systems have conspired to compel in- 
dependent producers who have no other 
practical means of transporation to 
competitive markets, to sell crude to 
the defendants at the well rather than 
permitting the independents to use such 
pipe lines on a common-carrier basis; 
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Have agreed to adopt and file with 
the Interstate Commerce Commission 
rules and regulations covering inter- 
state transportation which require the 
tender of unreasonably large quantities; 
to maintain uniform noncompetitive, 
onerous and oppressive rates, and to 
fail to provide shippers with the ordi- 
nary common-carrier terminal facilities; 


Have conspired to charge excessive 
rates for the use of crude-oil and 
gasoline pipe lines and to receive back 
as refunds and rebates on the rates 
charged to themselves a_ substantial 
part of the revenue from pipe line 
operations; 

Have conspired to cause railroads 
to establish and maintain rates favor- 
able to themselves and unfavorable to 
independent refiners; 

Have acquired a dominant control 
over tankers, barges, tank cars and 
other transportation facilities, and have 
conspired to maintain excessive rates 
for their use; 

Have conspired to distribute their 
products only through facilities oper- 
ated by persons or companies whose 
buying, selling and operating policies 
can be controlled, thus obtaining con- 
trol over practically all bulk plants 
through which petroleum products pass 
from refineries to service stations. 


In addition, the complaint charged 
that the companies have conspired to 
control retail marketing by controlling 
filling stations, granting differentials to 
exclusive dealers, forcing full-line sell- 
ing, fixing prices and marketing and 
price policies and enforcing exorbitant 
price differentials between various 
grades of gasoline. 


Dissolve Institute 

With respect to the American Petro- 
leum Institute, the government charges 
the defendants unlawfully combined to 
create and utilize the association and 
its various committees as an instrumen- 
tality for promoting, supervising and 
enforcing the various illegal policies 
and practices set forth in the complaint. 

The petition seeks an _ injunction 
against the continuance of these and 
other practices and dissolution of the 
Institute. ; 

The decision of the department to 
confine the suit to these issues, rather 
than to force the disintegration demand 
at this time, was disclosed in a letter 
from the Attorney General to Senator 
Gillette, who had led a Congressional 
group in a demand that the govern- 
ment proceed immediately with the 
case. 

Because of the problem of national 
defense, Jackson wrote, the department 
had adopted the recommendations of 
the National Defense Advisory Com- 
mission. 

“The Defense Commission advised 
ine that it would wholeheartedly ap- 
prove ‘any appropriate legal action 
brought to eliminate such restraints on 
competition where they are proven to 
exist,’” he said. “In accordance there- 
with I have authorized the Anti-trust 
Division to commence the proposed 


[Continued on page 104] 


Solons Call for Investigation 
Of Defense Recommendation 


Charging that nine of the 11 men 
who participated in formulating the 
National Defense Commission’s report 
opposing inclusion of a disintegration 
demand in the oil suit filed by the 
Department of Justice in the Dis- 
trict of Columbia Federal Court had 
a personal interest in the matter, mem- 
bers of both houses of Congress on 
October 4 joined in a demand for a 
thorough investigation of the handling 
of the case. 

In the upper house, Senator Guy M. 
Gillette served notice that he would 
reintroduce his bills for divorcement 
of pipe lines and marketing from other 
branches of the industry and press for 
action on the legislation next session, 
and in the House of Representatives, 
Congressman John M. Coffee urged 
adoption of his resolution for investi- 
gation of the enforcement of the anti- 
trust laws. 

Reviewing the history of the suit 
filed September 30, Gillette expressed 
gratification over the action and told 
the Senate that “for a long time, there 
were many of us who felt that the 
large, integrated oil companies were 
taking advantage of a situation which 
ought to be corrected.” 


The senator put into the record let- 
ters which indicated that on August 
14 he wrote Assistant Attorney General 
Thurman Arnold that unless good rea- 
sons could be given for the delay in 
bringing suit he would reopen hearings 
on his bills, which had been suspended 
at the department’s suggestion, and 
was informed by Arnold that the matter 
had been referred to the National De- 
fense Commission. 

A month later, he wrote to the attor- 
ney general and after 10 days received 
a reply that the commission had made 
a report and the case was about to 
be filed. 


“Standard and Shell” 


“Without making any insidious or un- 

fair attack,” he said, “I should like to 
refer to the fact that of the eleven 
members of the advisory commission 
to the Council of National Defense who 
had this matter under consideration, 
nine were connected with the Standard 
Oil Company or with the Shell Oil 
Company and had a personal interest 
in the subject matter. 
-“T do not mean to suggest that it is 
improper to have on the Council of 
National Defense men conversant with 
the oil industry. It was highly proper. 
It was very essential to have on the 
commission men with some knowledge 
of the industry; but I want the fact 
to appear that of the eleven men who 
were considering the effect of these 
suits, nine were actual potential de- 
fendants if the suits were filed.” 

Because of these delays, Gillette 
pointed out, it will be impossible to get 
action on his bills this session, “but it 
is my intention in January, when th« 
next Congress assembles, to reintro- 
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tubes of different metals. 


Wide range of sizes 
and alloy combinations available 


Anaconda Duplex Tubes are available in sizes ranging 
from 14’’ O. D. x .025”” gauge to 5’ O. D. x .250” 
gauge. Maximum lengths are from 18 to 20 feet, de- 
pending upon diameter and gauge. 

Anaconda Duplex Tubes can be obtained in various 
combinations of Anaconda Copper Alloys or any of 
these Anaconda Copper Alloys with iron, steel or 
other metal. Our engineers will gladly assist you in 
determining the most suitable combination of metals to 


meet specific conditions. 


ANACONDA 


THE AMERI( 
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In oil refineries, it is common to find corrosive condi- 
tions on the inside of condenser and heat exchanger 
tubes differing entirely from those encountered on the 
outside. Since there is no one tube alloy best suited to 
meet a// operating conditions there is a definite need 
for tubes whose inside and outside surfaces possess al- 
together different characteristics. 

The American Brass Company is prepared to fill that 
need with Anaconda Duplex Tubes. They are com- 
posite tubes made by tightly telescoping two seamless 























Cutaway section of Anaconda Duplex 
Condenser Tube. 





IN ADDITION — 


re American Brass Co 
uces a complete line of co 
er 
sores alloy condenser Pia 5 28 = 
changer tubes and tube sheets 
Your written request i 


Mpany pro- 


Plex Tubes—and will als 
° 
early receipt of our new, ssamaman 
— booklet On Anaconda Condenser 

ubes which will be off the press 


very soon. 











AN BRASS COMPANY, Gene 


In Canada: Anaconda Ame) Cdn 


s: Waterbury, 
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duce these measures substantially as 
they are at this time. 

“IT wish to give notice that as soon 
as they are introduced I shall have 
them referred, if possible, to the same 
subcommittee to resume the hearings 
where they were left off,” he said. 


Won't Tolerate Supervisory Board 


At the same time, the senator struck 
out against proposals for setting up a 
supervisory body over the industry as 
suggested in reports of conferences be- 
tween Secretary of the Interior Harold 
L. Ickes and industry representatives. 

“IT do not know whether or not that 
report is true,” he declared. “The only 
authority I have for it is a number of 
excerpts and clippings which were sent 


COOPERATION THAT HELPS PRODUCE 


Gasolines that atomize in a flash . . 
. « . that produce smooth, full power for hills, for highways 
. . . that send planes zooming like comets through the skies! 


to me reciting that such is the plan. 
But I wish to give notice now that no 
supervisory body composed of the sec- 
retary of the interior, or any other offi- 
cial, and Mr. Teagle or anyone ‘else 
representing the oil companies, shall 
supersede the legislative rights of the 
American Congress to go into this 
whole field. When this proposed legisla- 
tion is reintroduced, if such a body is 
contemplated or appointed, it will not 
deter or delay, so far as I am able 
to secure action, proper action, by the 
Senate of the United States.” 

Reciting the names and connections 
of oil men connected with the defense 
commission, Coffee told the House that, 
“until otherwise shown, every one of 
these gentlemen is under a cloud of 
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. that burn cleanly 


Contributing to striking recent improvements in gasolines is 


the cooperation of related industries and processes. In this devel- 
opment of superior gasolines for driving fast-firing, modern engines, 
SOLVAY has played a three-fold role: 
First—SOLVAY Technical Service has demonstrated a notably com- 
petent character in helping the oil industry to solve many problems 
arising out of the new petroleum technology. 
Second—Instead of being limited to a few grades of Caustic Soda to 
meet their processing needs, individual refiners find that SOLVAY 
puts at their disposal a wide variety of special grades of this essential 


refining product. 


Third—High standards of quality control maintained in the production 
of all SOLVAY products are a governing factor in insuring the uni- 
formity so necessary to modern-day refining operations. 


These are among the important factors considered by refiners in filling 
their Caustic Soda and other alkali requirements at SOLVAY. They 


Send for 
Information on 
these Solvay 
Quality Products 


Caustic Soda 

Soda Ash 

Calcium Chloride 
Chlorine 

Causticized Ash 
Modified Sodas 
Para-dichlorobenzene 
Potassium Carbonate 
Caustic Potash 





know that SOLVAY is unusually well equipped to serve the forward- 
looking petroleum industry in many helpful ways. Your inquiries 
in regard to products or processing problems are cordially invited. 


SOLVAY SALES CORPORATION 


Alkalies and Chemical Products Manufactured by The Solvay Process Company 


40 RECTOR STREET 
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having had something to do with the 
preparation or contents of the report 
of the Council of National Defense on 
the oil anti-trust suit. 

“These men are practically all con- 
nected with companies which would be 
affected by the proposed anti-trust suit 
to bring about pipe-line divorcement 
and marketing divorcement in the oil 
industry,” he said. “They are real par- 
ties at interest; and if they had any part 
in the decision of the Council of Na- 
tional Defense, their activity may be 
only the prelude to the defeat of our 
democratic form of government. It is 
not a democratic process to permit the 
employes of the accused to serve on a 
jury, nor should they be permitted to 
pass judgment on a case before it is 
submitted to the courts for vindica- 
tion.” 

Coffee said then he had been “reliably 
informed” that serving on the commis- 
sion are Dr. Robert E. Wilson, prin- 
cipal oil adviser, president of Pan 
American Petroleum & Transport Com- 
pany; C. C. Monrad, technical assistant, 
formerly employed by Standard Oil 
Company of Indiana; Fayette B. Dow, 
pipe-line transportation adviser, Wash- 
ington attorney for the American Pe- 
troleum Institute and Washington coun- 
sel for many pipe line companies; S. D. 
Heron, aviation gasoline expert, con- 
nected with Ethyl Gasoline Corpora- 
tion; T. A. Boyd, oil adviser, General 
Motors Corporation; Walter G. Whit- 
man, chairman of aviation fuels com- 
mittee, former research expert for 
Standard Oil Company of Indiana; Dr. 
D. P. Barnard, oil adviser, associate 
director of research for Standard Oil 
Company of Indiana; Gerald H. B. 
Davis, oil adviser, director of research 
laboratories of Standard Oil Develop- 
ment Company; Major James H. Doo- 
little, oil adviser, head of the aviation 
department of Shell Oil Company; J. 
Bennett Hill, oil adviser, manager of 
the development division of Sun Oil 
Company, and R. Dooley, adviser 
to the labor division, industrial rela- 
tions manager of Socony-Vacuum Oil 
Company. 

In addition, Coffee referred to the 
special committee of oil company engi- 
neers appointed by Dr. Wilson to ad- 
vise the Army and Navy on storage 
systems. 


Risk Joins 
Ethyl Staff 


Thomas H. Risk, for the past five 
years with The Pure Oil Company, has 
joined Ethyl Gasoline Corporation in 
the refinery technology division. Risk 
will extend the technical service offered 
to refinery licensees through contact 
with refiners, and will assist in coor- 
dinating automotive research activities 
at the Detroit and San Bernardino en- 
gineering laboratories with trends in 
refinery procedures. 

Prior to joining The Pure Oil Com- 
pany as automotive engineer in 1935, 
Risk was with Socony-Vacuum Oil 
Company inthe Paulsboro laboratories. 





Frederick R. Speed, Chesapeake City, 
Maryland, has been named automotive 
engineer for the Pennsylvania Grade 
Crude Oil Association. He succeeds 
Harry M. Rogg, who died following an 
automobile accident in July. Speed has 
had experience in both the automobi!e 
and oil industries. 
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| epee protection against local 
overheating, simplified oper- 
ation and most accurate regulation 
of heat application, are attained 
through the use of high-temperature, 
low-pressure Dowtherm* vapor as 
an indirect heating medium in 
refinery processes. 


Precise control is especially desirable 
in solvent refining processes such as 
furfural, phenol, and chlorex refining 
where solvents are recovered at high 
temperatures— frequently up to 600° 
i’. and above the economic range of 
steam heating. The flow diagram 
above shows a furfural solvent 
process in which Dowtherm vapor 
and liquid are used in the heating 
steps involved in solvent recovery. 
"he evaporator for vaporizing the 
‘urfural from the extract mixture is 


heated with Dowtherm vapor and 
the hot Dowtherm condensate from 
this evaporator is used to supply 
heat to other heaters. Part of this 
condensate serves as the source of 
heat for a reboiler in which the last 
traces of furfural are stripped from 
the finished raffinate. The balance of 
the Dowtherm condensate flows 
through another heat exchanger and 
preheats the extract mixture passing 
from the furfural treating tower to 
the evaporator mentioned above. 


This use of Dowtherm provides re- 
markable ease of control in meeting 
widely fluctuating flow rates in the 
various stages of the process and 
prevents concentrated heating with 
resultant degradation and coking. 
The fundamental principle of a con- 
densing vapor, that maintains the 


*Trade Mark Reg. U. 8S. Pat. Off. 


THE DOW CHEMICAL 
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same temperature throughout the 
heating surfaces, is the basis of Dow- 
therm systems. Ordinarily conden- 
sate returns to the vapor generator 
by gravity but in cases of systems 
operating several heaters from a 
single vapor generator, centrifugal 
return pumps are often used. 


Dowtherm boils at 500° F. under 
atmospheric pressure, and at 725° F. 
at 110 lb. per sq. in. Therefore 150 
lb. pressure construction is adequate 
for high temperature processing with 
Dowtherm. 
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Government Action 
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civil action so far as it seeks to pre- 
vent existing abuses in the oil industry, 
including price-fixing, discriminations, 
and all practices which tend to restrain 
or prejudice the independents in the in- 
dustry or to jeopardize the interests of 
consumers. 

“The Defense Commission indicated 
that a court decree of divestiture at 
this time would create a number of 
serious problems for the national de- 
fense. Accordingly, this action does not 
seek at this time to compel the oil 
companies to get rid of their pipe lines, 
barges, or other facilities for the trans- 
portation and distribution of petroleum. 


I believe there might be serious con- 
sequences from a disruption of these 
facilities at a time when we have no 
capital presently willing, so far as I am 
able to ascertain, to acquire and operate 
these facilities by themselves. 

“The National Defense Commission, 
however, referring to the divestiture 
phase of the case, says ‘the commission 
does not suggest that the proposed suit 
should be abandoned.’ It is not being 
abandoned, and no action is being 
taken inconsistent with divestiture pro- 
ceedings, either in a later action or by 
amendment of proceedings in the exist- 
ing suit if, at the time of trial it shall 
appear that the abuses in the oil indus- 
try can be corrected in no other way.” 

At the same time, he told the Sena- 
tor, there is “no reason why the pen- 
dency of this action in any form should 
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interfere with or delay legislative con- 
sideration of the problems of the oil 
industry,” pointing out that many years 
may elapse before a final decision is 
reached and that court decrees are in 
the main “negative affairs forbidding 
certain acts, combinations and con- 
tracts” but not necessarily leading to 
constructive steps in industry. 

“The statement most significant to me 
in the report of the Defense Commission 
has been almost wholly overlooked in the 
discussion of these cases,” he continued. 
“It states ‘though by simple arithmetic 
it would appear that the country’s re- 
serves are good for more than ten 
years under emergency conditions, de- 
clining production and higher prices for 
petroleum will arrive long before ex- 
haustion of reserves unless the discov- 
ery rate is maintained and production is 
effected with a minimum of waste.’ 
The very fact that in considering na- 
tional defense we begin to calculate the 
life of our oil reserves in such small 
figures is an ominous sign for national 
defense and for our economic life. 

“In advocating revision of the anti- 
trust laws over three years ago to make 
them effective and clear, I repeatedly 
said that in my opinion the doctrine 
of compulsory competition embodied 
in the anti-trust laws is unwisely ap- 
plied to oil production where the prin- 
ciple of conservation of an exhaustible 
and irreplaceable national resource 
should replace the principle of competi- 
tive exploitation. The companies seem 
to recognize this for they have tried 
to limit depletion by devices of their 
own, but without representation of the 
public interest or the consumer welfare, 
or that of smaller producers. Private 
conservation plans which restrain or 
discriminate against independents and 
disregard consumer interests violate the 
anti-trust laws, but they should not 
be replaced by a headlong race to ex- 
haust petroleum supplies, but rather by 
a conservation plan which will be in 
the public interest. 

“Only Congress can protect the fu- 
ture economic life of this country by 
protecting oil reserves in the ground. 
It has made several efforts to do so, 
some of which have failed. I believe 
more comprehensive plans could be de- 
vised now which would be successful. 
Litigation by itself will never com- 
pletely accomplish the wise utilization 
of this great asset by this generation 
or its conservation for the future.” 


Three Pipe-Line Suits 


The three pipe-line suits which are 
to be brought will be filed in the Dela- 
ware District Court against Phillips 
Petroleum Company and Phillips Pipe 
Line Company, in the same _ court 
against Great Lakes Pipe Line Com- 
pany, and in the Northern District of 
Indiana Court against the Standard Oil 
Company (Indiana). 

“These three suits,” the department 
explained, “were selected as representa- 
tive proceedings to clarify the law with 
respect to all cases where pipe lines are 
owned by the major oil companies. 
They charge the major oil companies 
involved with taking rebates from com- 
mon-carrier pipe lines on the oil which 
the majors ship. The method by which 
these rebates are alleged to be taken 1s 
as follows: The major oil companies 
own the capital stock of the pipe line 
companies, pay the published tariff 
rates and receive refunds from such 
rates under the guise of dividends on 
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the stock. During the year, 1939, the 
net earnings of Phillips Pipe Line Com- 
pany amounted to 49 percent of trans- 
portation revenues; the Great Lakes 
Pipe Line Company 49.5 percent; and 
Stanoiind Pipe Line Company 36 per- 
cent. These earnings were paid back in 
the form of dividends to the major oil 
companies which ship the oil, thus 
giving the major oil company shippers 
a tremendous advantage over their in- 
dependent competitors. 

“This the Department of Justice con- 
tends is an illegal rebate under the 
Elkins Act.” 


Price Fixing 


In a lengthy analytical statement of 
the allegations in the complaint filed 
in the District of Columbia Court, the 





department explained that the conspir- 
acy alleged in the fixing of crude prices 
is carried out by the posting of prices 
by one of the defendants, which are 
followed by the others. 

“In fields where independent refiners 
compete with the defendants in the pur- 
chase of crude oil, higher prices are 
fixed, thus putting the independent re- 
finers at a competitive disadvantage 
and driving them from the market,” it 
was charged. “Through their activities, 
defendants control practically all of the 
supply of crude oil available for refin- 
ing; hence, independent refiners, most 
of whom do not have independent 
sources of crude oil, are compelled to 
purchase all or a large part of their 
requirements from the defendants at 
prices fixed by agreement, thereby 
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placing independent refiners at a sub- 
stantial price disadvantage.” 

The restrictions on crude production 
and the manufacture of oil products, it 
was explained, are alleged to have been 
“accomplished in part through a system 
of reports made to the American Petro- 
leum Institute covering the amounts of 
locations of all stocks of petroleum 
products owned or held by each of the 
defendants. From these reports the In- 
stitute is able to make suggestions as to 
the amounts of petroleum products 
which should be manufactured and 
maintained in storage. These amounts 
are less than the amounts which would 
normally be produced and manufac- 
tured. It is alleged that the Institute’s 
suggestions are adopted by the defend- 
ants, thereby accomplishing the restric- 
tions. It is charged that the defendants 
have agreed to receive in their crude- 
oil-gathering lines from independent 
producers who are dependent upon 
such lines for transportation, less crude 
oil than the amounts which such inde- 
pendents would normally produce, 
thereby reducing the amount of crude 
oil produced by the independent pro- 
ducers.” 

Group’s Ownership 


The defendant companies were said 
by the department to own or control 
at the present time 60 percent of the 
investment in the industry, 68 percent 
of the crude-oil reserves, 50 percent of 
the production of crude oil, 92 percent 
of the stocks of crude oil, 79 percent 
of the crude-oil storage capacity, 90 
percent of the imports of crude oil, 85 
percent of crude-oil trunk pipe-line 
mileage, 96 percent of the crude trans- 
ported in trunk pipe lines, 76 percent 
of the crude-oil refining capacity, 87 
percent of the cracking capacity, 85 per- 
cent of gasoline production, 95 percent 
of gasoline exports, 96 percent of gaso- 
line pipe line mileage, 87 percent of the 
dead weight tonnage of oil tankers, 88 
to 93 percent of the stocks of the prin- 
cipal petroleum products and 75 percent 
of all the bulk plants and service sta- 
tions. 

“This proceeding is being instituted 
under the department’s policy of taking 
up in a single investigation or proceed- 
ing all of the restraints which affect thie 
distribution of a product from the raw 
material to the consumer,” it was ex- 
plained. “Only in this way can eco- 
nomic results be achieved. Piecemeal 
prosecutions against segments of an 
industry are both costly and incon- 
clusive. They do not raise the funda- 
mental issues which the court should 
decide, and therefore do not clarify the 
law. They allow restraints of trade to 
flourish, in one segment of the industry 
while they are being prosecuted in 
another. 

“In the past 10 years, the department 
has been flooded with complaints from 
consumers against 
various practices in the oil industry. 
These complaints have resulted in a 
series of piecemeal prosecutions in all 
of which the government has been suc- 
cessful. Yet in spite of the success of 
these prosecutions, the complaints con- 
tinue, prices are still inflexible, inde- 
pendent enterprise is still under a han- 
dicap, because the cases applied only to 
segments rather than to the entire 
structure of the industry. 

“For this reason the present action 
is brought. It will eventually present to 
the Supreme Court of the United States 
for final decision all of the issues with 
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respect to the reasonableness of the 
present vast combinations in the pro- 
duction, transportation, refining and 
distribution of petroleum products.” 

The “emphasis” of this action, it was 
asserted, is not only “on the interests 
of independents but on the interests of 
consumers who have not as yet bene- 
fited from the recent successful prose- 
cutions in the Ethyl Gasoline case and 
the Madison oil case.” 


“Unreasonable” Power 


“It is believed that the great advances 
and technological improvements in the 
oil industry are not being passed on to 
consumers because of a wasteful, in- 
efficient distribution system which leads 
to excessive prices,” the department 
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minent Refiner’s report, that thirty 
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said. “Through their domination of all 
phases of the industry the major com- 
panies have created a system which has 
led to identical policies with respect to 
price and the suppression of free and 
independent enterprise. That system 
has given the consumer a wasteful and 
uneconomic distribution of gasoline, 
fuel oils, lubricants and kerosene. It has 
eliminated competing enterprise. It has 
destroyed the opportunity for new en- 
terprise and capital to enter the field. 
It has established a small group of in- 
dividuals in control of a $15,000,000,000 
industry under a system where there is 
no incentive to compete among them- 
selves and every incentive to prevent 
the entry into the market of those who 
would otherwise sell to consumers at 
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lower prices. This system has closed 
the door to any new initiative in the 
oil industry which might disturb the 
settled policies with respect to produc- 
tion, transportation, refining and mar- 
keting. 

“The unreasonable power possessed 
and exercised by the integrated com- 
panies has deprived the consumer of 
natural advantages due to location. 
It has taken from the consumer the 
opportunity to purchase a_ variety 
of products. It has withheld from 
the consumer the benefits of tech- 
nological improvements which should 
be reflected in lower costs. It has fos- 
tered and preserved an uneconomic, 
duplicative, and wasteful marketing 
system. And finally, the power of the 
integrated companies has détermined 
the production of oil, necessary for the 
safety of the Nation, not on true con- 
servation principles, but on the prin- 
ciple of price maintenance.” 

If the department succeeds in the 
suit, it was predicted, “independent pro- 
ducers should receive higher prices for 
their crude oil, and independent refiners 
should be able to compete with the 
major oil companies. With competition 
restored to the oil industry, gasoline, 
fuel oils, kerosene and lubricants should 
be sold at lower prices to the consumer 
who should then receive the benefits of 
technological improvements, and the 
opportunity to purchase a variety of 
products. Lower prices for petroleum 
products are of great importance to 
the government in its defense program. 
Finally the production of oil should 
then be determined not on the basis of 
price maintenance but on true conser- 
vation principles.” 


Indiana Standard Target in 
First Elkins Act Prosecution 


First of three test cases which Attor- 
ney General Robert P. Jackson: said 
would be filed against pipe-line com- 
panies was brought against Standard 
Oil Company of Indiana in the Federal 
District Court in Hammond, Indiana, 
October 2, charging violation of the 
Elkins Act. 

The act prohibits return of part of 
a purchase price to the original seller 
by the buyer, and has been on the 
statute books since 1903. Known as the 
anti-rebate act, it has seldom been en- 
forced. 

Attempted application of the Elkins 
law to pipe-line companies is the first 
effort which has been made to deal with 
the situation in this manner, although 
it has long been contended by inde- 
pendent oil interests and agreed by 
the Department of Justice that the law 
is sufficiently broad to cover the re- 
bates which the owning oil companies 
are alleged to have received from their 
pipe lines. 

Representatives of the company ex- 
plained that Stanolind Pipe Line Com- 
pany, a wholly owned subsidiary, con- 
stitutes merely a plant facility for trans- 
porting crude oil from the producing 
fields to refineries. As such, it was 
maintained, it has accumulated no prof- 
its in the usual meaning of the word, 
although Standard has paid transporta- 
tion charges at rates approved by the 
Interstate Commerce Commission. 

The surplus cash accumulated by the 
pipe line company has from time to 
time been returned to the parent com- 
pany in dividends, and both the pipe 
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BYRON JACKSON 
VC 2-STAGE HOT OIL PUMPS 


Circular center tric with 
the shaft, permits Byron em he VC Pumps to 
operate without expansion misalignment hand- 
ling hot oil at temperatures ~e to 850 degrees 
F. The 2-stage unit, illustrated, is designed for 
capacities from 20 to 5,500 g. p.m., against 
heads up to 900 feet. Made also in a single 
stage type for similar capacities against heads 
to 450 feet. 





BYRON JACKSON SINGLE STAGE 
DOUBLE SUCTION HOT OIL PUMP 


For high capacity against low or medium 
heads, the Byron Jackson Single Stage Double 
Suction Pumps have won world-wide accep- 
tance. By supporting the shaft at the center 
line free expansion is allowed without distor- 
tion. er field of application ranges from 
800 to 3,000 g.p.m., at temperatures up to 800 
degrees F., against heads to 800 feet. 


BYRON JACKSON 
MULTIPLEX PUMPS 


- ideal for cold or warm oil service. 
Precision workmanship and rugged construc- 
tion assure users of these pumps long, trouble- 
ree service. Capacities range up to 75,000 
arrels ner day against pressures up to 1,200 
lbs. per square inch. 


BYRON JACKSON BM PROCESS PUMPS 


have only one stuffing box—a simplicity 
of design attainable only with overhung im- 
peller construction. As this stuffing. box op- 
erates at slightly greater than suction pres- 
sure, the unit is well adapted. to vacuum 
service. Where the material bein pumped is 
difficult to hold in a stuffing box, this unit with 
its single stuffing box, p id 
advantage. These pumps are ee eS 
capacities from 10 to 7,000 g.p.m. at heads from 
20 to 500 feet. 
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This new pump is ideal for “medium pres- 
sure” service where pressures are too high 
for a pump of single case construction, but 
not high enough to require the well known 
Byron Jackson Type HO Pump. 

The exacting requirements of hot oil 
charging are fully met by the Byron Jackson 
Type MHO Pump. Both stuffing boxes are 
under low pressure; the number of parts is 
held to a minimum: chrome alloy steels are 
used to resist coking, corrosion and erosion. 
The horizontally split inner case permits 
assembly of the complete rotating element 
in the shop, as a separate unit. No other 
pump of double case construction has the 
accessibility of the Byron Jackson Type 
MHO or HO Pumps. 


BRIEF SPECIFICATIONS TYPE MHO 


Description: Horizontal, split, inner volute case 
supported by and surrounded by outer case, with 
pumped liquid at discharge pressure in the space 
between inner and outer case. Single, circular, 
flanged joint with metallic gasket forms the only 
high pressure external joint in the pump. Water 
jacketed stuffing boxes have to seal against suc- 
tion pressure only. Inner volute split case feature 
permits complete assembly of rotating element in 
the shop, with minimum possible field work. 
Application: Hot oil charging, hydraulic press, and 
any hot liquid, high pressure pumping. Standard 
Materials: Cast steel outer case; nickel cast iron 
or chrome alloy steel inner case. Chrome alloy 
steel, Stellited, on wearing surfaces for trim. 
Material variations are made according to service 
conditions. Capacity Range: 150-900 g.p.m. Head 
Range: Up to 2,000 ft. 
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line charges and the dividends are sub- 
ject to taxes. 

“If the pipe line company were or- 
ganized as a department of the Stand- 
ard of Indiana there would be no ques- 
tion of rebate because there would be 
no dividends,” it was contended by 
Buell Jones, counsel for the company. 
“If dividends paid under the circum- 
stances herein mentioned are found to 
be a rebate it will be in a very new 
and revolutionary construction of the 
Elkins Act. 

“The question has never been raised 
before, but if such payments as are in- 
volved in this case should be held to 
be rebates under the Elkins Act, then 


many other parent companies are in 
for prosecution as the result of accept- 
ing dividends from companies which 
they own in whole or in part.” 

Recent studies by the Interstate Com- 
merce Commission showed that in 1938 
there were 58 interstate oil pipe line 
carriers which paid a total of $79,388,389 
in dividends, of which $36,307,568 was 
paid from accumulated surplus. All but 
a few of these companies operated as 
subsidiaries of oil companies. 





R. S. Bridier, Bradford Oil Refining 
Company, Bradford, Pennsylvania, has 
been appointed to membership on the 
American Petroleum Institute’s com- 
mittee of refinery inspection. 

















KEEPING 'EM ROLLING 
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J-M KEARSARGE BOILER GASKETS: 
Form lasting tight seals on handholes, 
manholes and tube plates. 


P.S. THEY DIDI... with tougher, tighter- 
sealing J-M Kearsarge Boiler Gaskets 

REQUENT tie-ups for packing or gas- 

ket replacements cost plenty in wasted 
time and idle equipment. Yet much of this 
expense can be saved by materials built 
to stand up longer. The next time you 
have a replacement job, try J-M Packings 
and Gaskets and you”!! find out what real 
packing economy means. For details on 
the complete J-M line, write for the J-M 
Packing Catalog. Johns-Manville, 22 E. 
40th St., N. Y., N. Y. 


JOHNS-MANVILLE dni & GASKETS 


THERE’S A DISTRIBUTOR NEAR you 


* 








October Demand 
6 Percent Off 


With exports due to continue at a 
low level, the Untied States Bureau of 
Mines last month forecast that 3,580,600 
barrels of domestic crude oil per day 
would be required to meet market de- 
mand in October, 43,700 barrels, or 1 
percent under the estimate for Septem- 
ber and 6 percent under the actual 
demand in October, 1939. 

Reports from principal shippers, the 
bureau disclosed, indicate that for the 
coming month exports of motor fuel 
will be approximately 1,600,000 barrels, 
the same as in September but less than 
half the exports of October of last year, 
while shipments of crude oil will ap- 
proach 3,900,000 barrels, also the same 
as in September but 3,000,000 barrels 
under the October, 1939, total. 

Daily average crude production dur- 
ing the four weeks from August 10 to 
September 7 was 3,538,000 barrels, and 
runs to stills for the same period were 
3,518,000 barrels, the bureau reported. 
During the period, domestic crude 
stocks declined an average of 50,000 
barrels daily, indicating a demand of 
3,588,000 barrels. 

“The reduction in crude demand dur- 
ing the third quarter of 1940 represents 
a reaction from the relatively high op- 
erations of the second quarter and re- 
flects evidence of further declines in 
the export markets for refined products 
due to the pressure of foreign oils that 
have been left without a market by the 
blockade of European ports,” it was 
explained. 

“The fuel-oil situation has become 
easier due to a smaller increase in do- 
mestic demand that was anticipated and 
to the expectation of decreased exports 
and larger imports,’ the bureau com- 
mented. “Stocks of distillate fuel oil 
have reached a point about 7,000,000 
barrels above a year ago, which indi- 
cates the possibility of a further cur- 
tailment in,crude runs during the win- 
ter months. This would automatically 
help to correct the gasoline inventory 
situation. It may be possible to keep 
gasoline stocks at a practically station- 
ary level during the last quarter of 1940 
as compared with the abnormal in- 
crease of almost 12,000,000 barrels in 
the same period of 1939.” 

Domestic demand for motor fuel in 
October was estimated by the bureau 
as 53,000,000 barrels, or 7 percent 
higher than the actual for the cor- 
responding month last year. 

A reduction of 2,100,000 barrels in 
stocks was foreseen, the bureau point- 
ing out that stocks of finished and un- 


Bureau of Mines Forecast of Crude 
Oil Demand for October 








Forecast 
Sept., 1940 
1,320,000 
593,000 
430,000 
397,000 
274,700 
170,700 
105,300 
75,300 
69,700 
55,700 
47,600 
17,700 
13,700 
13,300 
9,700 
9,300 
9,000 
8,300 
4,000 


3,624,300 


Forecast 
State Oct., 1940 


DE i 0 BAN tis ton wa teen 1,305,200 
California 
Illinois 
Oklahoma 
Louisiana 
Kansas 

New Mexico 
Wyoming 
Arkansas 
Michigan 
Pennsylvania 
Montana 

New York 
Kentucky 
Mississippi 
Indiana 

West Virginia 
Ohio 
Colorado 








3,580,600 
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O PRESSURE VESSEL JOB 
5 Too Big 


for SMITH 


HIS huge pressure vessel, towering 
nearly 145 feet into the sky, was built 
for one of America’s great refineries by 
A. O. Smith. In size it is typical of other pres- 
sure vessels now under construction in the 
Smith plant—some of them with diameters 
as great as 18 and 20 feet. Many of these 
vessels are completely finished in the Smith 
plant; some are built in sections and shipped 
knocked-down for erection in the field. 
Many are Smithlined with various alloys for 
different service requirements. 

The petroleum refining industry turns to 
Smith for a large portion of its pressure 
vessels, because Smith’s facilities for the 
construction of such vessels are unequaled 
...and because the Smith method of dealing 
j “ with corrosion problems individually has 

Sy ae ae proved to be the most satisfactory. 
Re eae a, | A. O. Smith Corporation, Milwaukee, 
aii calties ceute £ | Wisconsin. Offices at: New York, Pitts- 
« burgh, Chicago, Tulsa, Dallas, Shreveport, 


| —Measuring 144'-734" 


} in len -0" 1 isti 
| Sipe edghae Shose Rt Oe ee te 
| 115 tons. This photo- 
) staph shows the record- 
size tower in one of the 
stages of being erected. 






















@ A. O. Smith, founded in 1874, is the largest producer 
in the world of big, single-piece, glass-lined tanks. 

@ Brewery stock houses, equipped with glass, are now 
far more economical because of Smith contributions. 
@ Among these contributions is the Smith blue glass— 
smooth and lustrous, simplifying cleaning—the ulti- 
mate in sanitation. 

@ 5000 Smith craftsmen, in an ultramodern 125-acre 
plant, produce 50 million pounds of steel products 


er ae: 


PIONEER MANUFACTURERS OF ELECTRIC-WELDED 





Pressure Vessels 





Casing - Line Pipe 











““" CORBETT-WALLACE 








for YOUNGSTOWN 


PIPE 


Immediate shipment from Hous- 
ton stocks on all sizes of: 









Youngstown seamless plain end 
pipe in standard, extra heavy 
and double extra heavy weights. 
Standard galvanized black mer- 
chant and black line pipe, T and 
Cc. Butt weld plain and extra 
heavy pipe. 
















CORBETT-WALLACE CORPORATION 


Quality Products Plus Engineering Assistance 











SAWYER AND WINTER STREETS e 


HOUSTON e 


PHONE CAPITOL 5327 



















Tubing . 


in our Houston stocks. 
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The Original Seamless WELDING FITTING 


These fittings are forged from Seamless Steel 
. are strong, safe and easy to install. 
Standard and Extra Heavy Patterns are carried 














P. O. Box 2637 


MAINTENANCE ENGINEERING CORPORATION 


Houston, Texas, U.S.A. 





Phone P-3135 


















engineering. 





all important calculations. 
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Petroleum Refinery 
Engineering 
By W. L. NELSON 
Consulting Petroleum and Chemical Engineer 


Professor of Petroleum Refining, 
University of Tulsa 


647 pages, 6 x 9, 185 illustrations 
$6.00 


A gindibook ro plone | managers, . eupestinmedentn chemists, engineers, and other tefinery men. 
a complete engineering treatment of petroleum 

Covers fundamentals, many details of the design and operation of 

petroleum equipment, economical aspects, etc. Includes illustrations or examples of almost 

: Order from 

Gulf Publishing Company, 3301 Buffalo Drive, Houston, Texas 


rocessing, emphasizing its relation to 









finished gasoline were 89,065,000 barrels 
on July 31, and, according to American 
Petroleum Institute estimates, about 
4,450,000 barrels were withdrawn during 
August, leaving approximately 84,600,- 
000 barrels at the close of the month 
compared with 72,335,000 barrels on 
August 31, 1939. 


Benzol production and direct sales 
of natural gasoline are estimated at 
1,320,000 barrels. With allowance for 
exports, a refinery production of 51,- 
180,000 barrels is indicated, which is 
distributed among the several districts 
as follows, in thousands of barrels: 

East Coast, 6960; Appalachian, 1820; 
Indiana-Illinois, 10,920; Oklahoma, 3160; 
Kansas, 2830; Inland Texas, 3580; Gulf 
Coast Texas, 12,040; Gulf Coast Louisi- 


ana, 1320; Inland Louisiana-Arkansas, 
890; Rocky Mountain, 1360, and Cali- 
fornia, 6300. 


Natural gasoline to be blended at re- 
fineries was estimated at 8.5 percent of 
the total refinery production, or 4,350,- 
000 barrels. The yield of straight-run 
and cracked gasoline was placed at 43.4 
percent and, applied to the production 
of 46,830,000 barrels, gives crude runs 
of 107,900 barrels, or 3,480,600 barrels 
daily. 

In addition to the allowance for ex- 
ports, the bureau estimated that crude 
oil to be used for fuel and losses would 
increase, estimating it at 2,700,000 bar- 
rels. The total demand for domestic 
crude oil in October, accordingly, was 
placed at 111,000,000 barrels, or 3,580,600 
barrels daily. 


Technical Committees for 


Year Named by N.G.A.A. 


Getting ready for an active year in 
its technical studies, the Natural Gaso- 
line Association of America has an- 
nounced the committee lists and ac- 
tivities for the fiscal year of 1940-1941. 
According to William F. Lowe, Se- 
cretary-treasurer of the Association, 
chairmen and vice chairman of the 
principal committees are as follows: 
economics committee, J. R. Jarvis, 
Lone Star Gasoline Company, Dallas, 
chairman and H. E. Means, Coltexo 
Corporation, Monroe, Louisiana, vice 
chairman; gas contract committee, R. 
A. Worley, Parade Gasoline Company, 
Shreveport, chairman and John T. 
Oxley, Warren Petroleum Corporation, 
Tulsa, vice chairman; gas testing com- 
mittee, H. L. Oder, Cities Service Oil 


Company, Bartlesville, chairman, and 
D. McLean, Hercules Gasoline 
Company, Shreveport, vice chairman; 


legal committee, Wilbur J. Holleman, 
Glen Rose Gasoline Company, Tulsa, 
chairman, and W. P. Z. German, Skelly 


Oil Company, Tulsa, vice chairman; 
research and educational committee, 
B. R. Carney, Shell Oil Company, 
Tulsa, chairman, and W. F. Fulton, 
United Gas Pipe Line Company, 
Shreveport vice chairman; _ specifica- 


tions and outage committee, Howard 
E. Felt, Warren Petroleum Corpora- 
tion, Tulsa, chairman, and Harry 
Wheeldon, Lone Star Gasoline Com- 
pany, Dallas, vice chairman; technical 
committee, C..R. Williams, Continental 
Oil Company, Ponca City, chairman, 
and H. H. Beeson, Sabine Valley Gaso- 
line Company, Shreveport, vice chair- 
man; traffic committee, F. A. Shell- 
horn, Hanlon-Buchanan, Inc., Tulsa, 
chairman, and E. C. Kitching, Phillips 
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MEN WHO BUY, specify and requisition equip- 
ment and materials in refineries the world over 
say they find The Refinery Catalog of genuine 
time-saving usefulness and value. 

In the current edition more than two 
hundred leading manufacturers of refinery 
and natural gasoline plant equipment filed 
complete or condensed catalog descriptions and 
engineering data on their products. This in- 
formation — compiled by the manufacturers 
themselves — is up-to-date and authentic, and 
is arranged for convenient usage. Thirty pages 
of index and cross-index make it simple for 








you to find what you want in a hurry. 

You can be sure that wherever oil is refined 
The Refinery Catalog is recognized and used as 
the primary source of equipment information. 





“YOU'LL FIND IT QUICKLY IN 
THE REFINERY CATALOG.”’ 


The new 1940 
REFINERY CATALOG 
is a veritable ‘‘li- 
brary of equipment 
and process infor- 
mation under a sin- 
gle cover.”’ 





Petroleum Company, Bartlesville, vice 
chairman. 

In discussing research work planned 
for the year, George P. Bunn, Phillips 
Petroleum Company, president of the 
association, stated the agenda was so 
crowded with valuable but time-con- 
suming projects that division of .work 
among subcommittees will be required 
to conclude some projects before the 
annual convention next spring. 

“Among the more interesting activi- 
ties of the technical committee,” said 
Mr. Bunn, “is that concerned with 
studies of low-temperature fractional 
distillation apparatus and procedure. 
This project has been under way for 
some months as a cooperative study 
among fifteen different laboratories. 
Preliminary studies involving the ex- 


change and analysis of identical gas 
samples are nearly completed and the 
work of correlation of results is about 
to begin under the supervision of Dr. 
G. G. Brown, University of Michigan 
and Dr. Walter J. Podbielniak of Chi- 
cago. The object of the project is to 
eliminate all possible sources of error 
in present apparatus and to standard- 
ize procedure as far as possible. It will 
be some months before the final re- 
port will be completed and the com- 
mittee will turn to a similar investiga- 
tion of fractional analysis of liquids. A 
meeting of interested technical men to 
discuss the correlations of the present 
studies and to plan the new phase will 
probably be held in Dallas late in 
November. 

“The Gas Testing Committee will 





continue its studies of the present char- 
coal testing code for determining the 
gasoline content of natural gas and is 
working on a new method for deter- 
mining the specific gravity of the high 
pressure gases from distillate wells. 
Other studies of improved methods for 
measuring, sampling and testing the 
high pressure gases in repressuring and 
pressuring projects are also planned for 
this committee.” 


Michigan Refiners 
Form Institute 


Organization of the Oil Institute of 
Michigan, with refiners of the state in 
its membership, was completed in Sep- 
tember. L. V. Nicholas, who once was 
president of the National Petroleum 








Marketers Association, is president of 
the group. 

Members of the board of directors 
are: Walter E. Anderson, Naph-Sol Re- 
fining Company, Muskegon; Ben J. 
Skinner, Midwest’ Refineries, Inc., 
Grand Rapids; C. L. Maguire, Roose- 
velt Oil Company, Mt. Pleasant and 
Reid Brazell, Leonard Refineries, Inc., 
Alma. 

The organization has headquarters in 
the First National Bank Building, 
Grand Rapids. f 





L.P.G. Specifications : 
Revised by N.G.A.A. 


After a series of tests by its technical 
committee, the Natural Gasoline Asso- 
ciation of America has issued revised 
specifications and test methods for j 
liquefied petroleum gases. All are tenta- 
tive and subject to revision. It was 
effective September 1, 1940. 

The revision is the first. since 1931 
when the first specifications and test 
methods were set up. Among the major 
modifications in the original specifica- 


; tions was inclusion of a broad general 
in AIRETOOL CLEAN ERS specifications for butane-propane mix- t 
tures. Barometric corrections for the ; 


‘ 95 percent boiling points of these mix- i 

Speeds up Tube Cleaning Jobs! tures and for butane were also added, ; 
and a total sulfur specification was in- 

cluded together with a test for making 


omrarone 
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OTHER uininaiiaes. ain ‘ 
The New “3000” Series Airetool Motors have advan- “gage Ay piney: 
AIRETOOL tages heretofore unheard of in tube cleaning motors. oer: en ~ . le 
; : ; opies of the revised specifications 
PRODUCTS The motor is made along the same lines as our previous ate avaiidhle throws thé Mideast Gaso- 
e super power motors. There are no added parts .. . three 1j pice a ona . r ee 
: c thas ine Association of America, Kennedy 
FLY CUTTER parts were improved. The same, simple slip-fitted con- laildine Tule 
e struction still permits assembling without special tools. 8, ia 
TUBE JIG 
The 28% more power developed means: no dead Thomas Heads 


centers ... motor starts as soon as air is applied... 
constant torque at low speeds prevents stalling . . . wider 
range of cutter head combinations can be used. 


Rubber Concern 
R. W. Thomas, former head of the 


° 
POLISHING & 
BUFFING MOTORS 


* 
Philgas division of Phillips Petroleum 
T g I t 
br A There is an Airetool Cleaner for every size tube and Company, has been elected president of 
e for every coke condition. Our Bulletin OR-58 describes Hydrocarbon Chemical & Rubber Com- 
these cleaners and other refinery specialties in detail. pany, a concern recently formed by the 


oil company and the B. F. Goodrich 
Company, Akron, Ohio, to manufacture 
a new synthetic rubber. 

Other officials of the new company 
are: Waldo L. Semon, vice president 
and director of research; Hy Boyd, 
secretary, and Herman P. Gangwer, 
treasurer. 

Thomas recently moved to Bartles- 
ville from Detroit to head the new 
Phillips special products department. 
He joined Phillips’ Petroleum Company 
as construction superintendent at We- 
tumka, Oklahoma, in 1926. Five months 
later, he was transferred to the research 
department as an engineer, and within 
& a year was assistant director of re- 


TOOL TRUCKS Send for it today. 


A new Airetool Catalyst Reactor Tube Cleaner elimi- 
nates the dangers of this tube cleaning job. Details on 
request. 


CALIPERS 
. 
TUBE GAUGES 


AIRETOOL 


MANUFACTURING COMPANY 
SPRINGFIELD. OHIO 
Representatives in principal cities 


= NEW YORK ADDRESS, 50 CHURCH ST. 


search. 
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Asphalt Sales 
Up in 1939 


Use of asphalt, domestic and foreign, 
increased 8 percent in 1939 over 1938. 
The figures, compiled by the United 
States Bureau of Mines, show that re- 
fining plants in the United States had 
output of 4,954,400 tons in 1939, an in- 
crease of 447,500 tons over 1938. There 
was a decline of 2800 tons in export 
demand. 

The increase for 1939 was recorded 
despite a drop for the first quarter of 
the year. In the first three months, de- 
mand was 9 percent less than for the 
corresponding period for 1938. Second 
quarter demand rose 11 percent, third 
quarter demand was also 11 percent 
above the previous year, while fourth 
quarter demand showed an increase of 
13 percent. 


Details of the manufacture and dis- 
tribution of asphalt for the two years 
follow: 

“Of the 1939 sales of petroleum 
asphalt,” the bureau said, “1,278,786 
short tons were made from foreign 
crude petroleum imported chiefly from 
Venezuela and Mexico, compared with 
1,449,664 tons in 1938. Although runs 
of foreign crude to stills increased 
from 26,187,000 barrels in 1938 to 33,- 
490,000 barrels in 1939, apparently more 
of the foreign crude was run to fuel oil 
in 1939 than in 1938. East Coast refin- 
eries sold 96 percent of the asphalt 
made from foreign crude in 1939, com- 
pared with 91 percent in 1938. 


“Total sales of petroleum asphalt by 
refineries increased 8 percent in 
quantity, but decreased 1 percent in 
value from 1938 to 1939. The average 
value at the refinery of asphalt sold 
was $8.47 in 1939 compared with $9.24 
in 1938. 

“Highway construction absorbed 
three-fifths of all asphalt sold in 1939, 
in the form of paving asphalt, paving 
flux, cut-back asphalts, and emulsions. 
In general, such statistics as are avail- 
able indicate an increase in street and 
road construction in 1939 over 1938. 
The increase in mileage of state high- 
ways built during 1939 over 1938, as 
reported by the Engineering News- 
Record, was in bituminous types, in 
untreated surfacing, and in grading and 
draining operations. Asphaltic types 
gained 7 percent from 1938 to 1939; 
they constituted 78 percent of the 
mileage of higher and intermediate 
types laid on state highways in 1938 
and 85 percent in 1939. 

“Increased construction of lighter 
types of surface, both on state high- 
ways and secondary roads, as well as 
continued use of cut-back asphalts for 
soil stabilization and revetments, is in- 
dicated by a 4 percent increase in sales 
of cut-back asphalts, from 1,392,997 
tons in 1938 to 1,454,846 tons in 1939, 
although the latter figure includes do- 
mestic sales only and the former figure 
includes export sales as well. 

“Petroleum refineries sold 56,953 tons 
(13,417,238 gallons) of asphalt emul- 
sions valued at $678,779 in 1938, and 
55,881 tons (13,164,691 gallons) valued 
at $635,881 in 1939. In addition, 43,928,- 
i86 gallons valued at $3,659,258 were 
old in 1938 by major industrial com- 


panies that purchased asphalt from pe- 
troleum refineries; and 49,826,902 gal- 


‘ons valued at $3,899,958 in 1939. Ac- 


Sordingly, total known sales of emulsi- 


fied asphalts and fluxes increased in 
quantity from 57,345,424 gallons valued 
at $4,338,037 in 1938, to 62,991,593 gal- 
lons valued at $4,535,839 in 1939. 

“Roofing manufacture furnished the 
second-largest demand for asphalt, ab- 
sorbing 25 percent of the total sales in 
1938 and 26 percent in 1939. Although 
shipments of prepared roofing and 
asphalt siding reported to the Bureau 
of the Census decreased slightly—from 
a total of 35,328,029 squares in 1938 to 
34,823,305 squares in 1939—sales of 
roofing asphalt and roofing flux com- 
bined increased from 1,127,635 tons in 
1938 to 1,229,046 tons in 1939. The lat- 
ter figure, it may be noted, includes only 
domestic sales, while the figure for 1938 
as agua both domestic and export 
sales. 


“The tonnage of asphalt (natural, by- 
product or petroleum) terminated by 
class 1 railroads in the United States 
increased from 4,295,232 short tons in 
1938 to 4,826,245 tons in 1939, accord- 
ing to  freight-commodity _ statistics 
compiled by the Interstate Commerce 
Commission. The increase was general, 
but more than nine-tenths of the in- 
crease occurred on railroads operating 
principally north of the Potomac and 
Ohio Rivers and east of Lake Michi- 
gan and the Illinois River. 

“Imports of natural asphalt and 
bitumen into the United States in- 
creased in quantity from 23,645 short 
tons in 1938 to 26,586 tons in 1939, but 
declined in value from $378,209 in 1938 
to $362,559 in 1939, according to data 
furnished by the Bureau of Foreign and 
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Close-Up of a Typi- 
cal Jerguson Gage— 


commonly used in 
the petroleum indus- 
try. The empty space 
shows WHITE while 


GAGES 


@ WHATEVER THE LIQUID; 

@ WHATEVER THE PRESSURE; 

@ WHATEVER THE TEMPERATURE; 

® WHATEVER THE VARIATION IN LEVEL; 


In other words, whatever your gage problem, there 
usually is a Jerguson Gage that will take care of if. 


Where requirements are special, as they sometimes 
are, special materials are employed and designs are 
created to meet the special specifications. This com- 
pany has been engaged in studying, developing, and 
building Jerguson Gages for more than 30 years. 
Any special problem you may have will be given our 
immediate and best attention. 

Jerguson’s principal products are shown and de- 
scribed on pages 178 and 179 of the latest Composite 
Refinery Catalog. Unless your requirements are spe- 
cial you can very likely order directly from that Vv 


JERGUSON GAGE & VALVE Co., 
87 Fellsway. Somerville, Mass. 

Without obligating us in any way we shall be 
glad to have your suggestions regarding 


gages for handling at lb. 





FILL IN and MAIL—you will hear from us promptly 





(give number) 





per sq. in. Liquid level varies 
gage should be at least 
out climbing, attendant will be 

the gage. The color of the liquid is 


[J Please send catalog. [J] Please send representative. 


(oil, gasoline, etc.) 





inches, and 
inches high. With- 
ft. away from 








(clear, red, etc.) 














the liquid shows REMARKS 
BLACK. Sizes range 

from 5” to 84” in NAME 
length, in single and 

multiple units, Long- FIRM 
er gages can be built STREET 
in either Reflex or 

Transparent Types. CITY. 


STATE 
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Domestic Commerce, Department of 
Commerce. Imports of lake asphalt 
from Trinidad increased from 19,396 
tons valued at $205,038 in 1938, to 21,- 
440 tons valued at $227,223 in 1939. 
Imports of grahamite from Cuba like- 
wise increased, from 3826 tons valued 
at $65,344 in 1938 to 4676 tons valued 
at $83,734 in 1939. Atlantic Coast ports 
(chiefly New York) received 23,188 
tons of natural asphalt and bitumen 
and Gulf Coast ports (Mobile, New 
Orleans, and Galveston) 3364 tons in 
1939. 


“Imports of petroleum asphalt, in- 
cluding cut-backs and road oil, in- 
creased from 9786 short tons valued at 
$38,883 in 1938, to 47,261 tons valued 
at $189,052 in 1939. All of the petro- 
leum asphalt imported in 1939 came 
from the Netherlands West Indies, 
37,763 tons were received in the cus- 
toms district of New York and 9498 
tons in the customs district of New 
Orleans. 


“Exports of petroleum asphalt, manu- 
factured and unmanufactured, reported 
by the Bureau of Foreign and Domes- 
tic Commerce, were 1 percent less in 
1939 than in 1938. They totaled 202,499 
tons valued at $3,030,162 in 1938, and 
199,695 tons valued at $3,097,799 in 
1939. The principal decreases were in 
shipments to Europe, especially to the 
United Kingdom, France and Belgium. 
Less asphalt was exported to other 
North American countries and to South 
American countries (except Brazil) in 
1939 than in 1938. On the other hand, 
more asphalt was exported to eastern 
Asia, especially to the Netherlands East 
Indies, British India and French Indo- 
China; to Africa, especially the Union 
of South Africa; and to Australia in 
1939 than in 1938; but these increased 
exports were insufficient to offset the 
decline in shipments to northwestern 
Europe. 

“As a result of decreased demand 
east of the Mississippi River, sales of 
bituminous rock by producers in the 
United States decreased from 449,091 
short tons (revised figure) in 1938 to 
422,484 tons in 1939. The value of the 
rock asphalt sold decreased from 
$2,219,159 (revised figure) in 1938 to 
$2,007,810 in 1939. Rock-asphalt opera- 
tors in Kentucky and Alabama sold 
215,142 tons valued at $1,379,138 in 
1938, but only 175,602 tons valued at 
$1,214,476 in 1939. On the other hand, 
sales by operators in Texas, Oklahoma 
and New Mexico increased from 206,- 
443 tons (revised figure) in 1938, to 
221,497 tons in 1939, but declined in 
value from $727,032 in 1938 to $684,808 
in 1939. Sales by producers in Cali- 
fornia and Kansas were lower in both 
quantity and value in 1939 than in 1938, 
but sales in Missouri were slightly 
higher both in quantity and in value.” 


Stoddard Solvent 
Bulletin Issued 


Specifications for Stoddard Solvent, 
dry cleaning fluid, as revised under a 
voluntary standard of the trade and 
approved by the United States Depart- 
ment of Commerce has been printed 
by the department. It is listed as Com- 
mercial Standard CS3-40 and is avail- 
able through the Superintendent of 
Documents at Washington for 5 cents 
a copy. 
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VY PLANT ACTIVITIES VY 


‘ 


Humble’s Toluol Plant: Preliminary 
steps toward construction of a $12,000,- 
000 plant for manufacture of toluol, 
used in the manufacture of explosives, 
at Baytown, Texas, were taken at 
Washington last month by officials of 
Humble Oil & Refining Company and 
national defense officials. 

The company has been authorized to 
proceed with acquisition of a site, ma- 
terials and equipment pending comple- 
tion of a formal agreement. Funds for 
the plant, which will be constructed on 
a 50- to 60-acre site adjoining the com- 
pany’s Baytown refinery, will be pro- 
vided by the federal government on the 
national defense amortization plan. 
Construction is expected to take a year, 
and output of the plant will be between 
25,000,000 and 30,000,000 gallons a year. 

Announcement of the proposal to 
manufacture toluol was first made in 
The Lamp, publication of Standard Oil 
Company of New Jersey, of which 
Humble Oil & Refining Company is a 
subsidiary. 

“The form of contract submitted by 
the Humble company is similar to sev- 
eral contracts already entered into by 
the government for the manufacture of 
munitions,” the announcement said. 
“Under such a contract, Humble would 
erect and operate a government plant 
at cost plus a fixed management fee, 
or on the same basis would operate a 
plant previously constructed by the 
government. The fixed management fee 
and charges to cover indirect expense 
not susceptible of appraisal in advance 
are not stated in Humble’s offer, but 
are left open for determination by the 
government. in keeping with its policy 
in such matters. 

“If the government finds it neces- 
sary to provide itself with new sources 
of this all-important war material, it 
can recover some toluene in the pro- 
duction of high-octane gasoline. If 
larger quantities are required they can 
be obtained synthetically.” 


Desulfurization for McNutt: C. E. 
McNutt, refinery manager for McNutt 
Oil & Refining Company, has an- 
nounced completion of a 500-barrel-per- 
day Perco catalytic desulfurization 
plant, which is currently processing 
Ward County, Texas, straight-run gaso- 
line. Total sulfur reductions are of the 
order of 90 to 95 percent. 


Sweetening at Lake Charles: Conti- 
nental Oil Company will construct a 
4000-barrel per day liquid process type 
Perco copper sweeting unit at its re- 
finery now under construction near 
Lake Charles, Louisiana. 


Ashland Increases: A $650,000 pro- 
gram for expansion of its plant and 
river transport facilities was announced 
last month by Ashland Oil & Refining 
Company. The company’s refinery at 
Cattlettsburg, Kentucky, will receive a 
$350,000 addition to boost its present 
10,000-barrel distilling capacity by 25 
percent and gasoline output from 3500 
to 6000 barrels. A $250,000 towboat and 
two 9000-barrel barges to cost $50,000 
are being added to river transport 
facilities and will serve a new territory 
as far as Pittsburgh. 
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Louisiana Tax Exemptions: Standard 
Oil Company of Louisiana on October 
1 was granted 10-year tax exemptions 
on a $3,000,000 catalytic cracking unit 
and on a $2,800,000 synthetic rubber 
plant, both under construction at Baton 
Rouge. Work on the refinery unit has 
just started, while the first unit of the 
rubber plant is scheduled to begin oper- 
ation about March 1 and the remainder 
by May l. 


Wynnewood Plant Resumes: Cosco 
Refining Company planned to resume 
operations at its plant at Wynnewood, 
Oklahoma,-. using crude furnished by 
Skelly Oil Company and Cox & Ham- 
mon, Inc. The plan has a capacity of 
2000 barrels a day, principally road oil, 
asphalt and fuel oils, and products will 
be distributed by Skelly Oil Company. 


Small Wyoming Plant: Albany Oil & 
Refining Company has been organized 
to construct a 100-barrel skimming 
plant a mile north of Laramie, Wyo- 
ming. Officers of the company are N. 
A. Swenson, president; H. N. Roach, 
vice president; H. N. Horton, secretary- 
treasurer; H. H. Metzger, sales mana- 
ger, and E. J. Nininger, general man- 
ager. 


Propose Mississippi Plant: H: M. 
Prince, Jackson, Mississippi, plans a 
combination topping, cracking and re- 
forming plant at Yazoo City, Missis- 
sippi, to process crude from the nearby 
Tinsley field. 


Improvements at Scottsbluff: Terry 
Carpenter, Inc., operating a 1700-barrel 
plant at Scottsbluff, Nebraska, including 
a 700-barrel cracking unit, plans an 
expansion program costing $50,000. 


Coastal Improves: A recently ac- 
quired site adjacent to its plant at Port 
Isabel, Texas, was being cleared and 
graded by Coastal Refineries, Inc., 
preparatory to construction of a tetra- 
ethyl-lead blending plant and additional 
storage tanks. The plant has a daily 
capacity of 6000 barrels. 


Recycling in Sejita: Standard Oil 
Company of Texas is reportedly mak- 
ing contracts with lease, royalty and 
land owners in the Sejita field, Duval 
County, Texas, preparatory to con- 
structing a recycling and natural gaso- 
line plant. 


Davis Opening Delayed: Operation 
of W. R. Davis, Ine.’s $1,000,000 re- 
plant in the Alice field of 
Southwest Texas was delayed by cra- 
tering of a water well in the plant yard 
caused by a nearby wild gas well. 
Workmen were expected to complete 
cleaning mud and water from the plant 
buildings and yard in time to start 
operations by mid-October. 


Complete at Mid-Continent: A mod- 
ernization program involving $1,000,000 
of new equipment for producing moto: 
fuel has been completed at the Wesi 
Tulsa plant of Mid-Continent Petro- 
leum Corporation. 




















“WHAT! 





@ Yes, Mr. M., nowadays we have houses in which 


” glass plays alarge part both in construction and deco- 
7 ration. Glass brick represents only one of the new 
a ways in which the modern world utilizes glass. We 


use glass insulation in our homes, too. Modern 








Suppose some one who lived forty or fifty years ago—say one 
of the founders of Mathieson—could pay us a visit today. 
And suppose we could have the pleasure of showing him the 
sights of 1940, of explaining the vast changes that have 
taken place since the turn of the century. What do you think 
would amaze the old gentleman most? If he were one of the 
pioneers who founded Mathieson, we believe he would be 
most interested in the revolutionary changes wrought by 
chemical progress and in the part his successors have played in 
building the present-day America. We would go about telling 
him the story as we tell itin this series of advertisements. 
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decorators are producing beautiful interiors through 
the use of glass in decoration. Safety glass is a modern 
idea; our automobiles (“horseless carriages” to you, old 
friend) are now equipped with this cleverly constructed, 
shatterproof glass. The manufacture of plate glass, the last 
word in modernity in your day, has undergone great changes, 
together with window glass and glass containers of every 
description. And last but not least, beautiful fabrics made 
from spun glass are now available for a variety of purposes. 





Your successors at Mathieson are proud of their part in the 
growth of the great modern glass industry. They have con- 
tinued to pioneer, seeking improvements in the production 
and distribution of Mathieson Chemicals — products whose 
purity and uniformity are so highly valued by leading glass- 
makers and other important consumers of industrial chemicals. 


* 











1444” O. D. carbon-molybdenum Tube- 


Turn with 134” wall, for power-plant 
service at 1500 pounds W.S.P. at 903°F, 


Sos 


Refiner & Natural Gasoline Manufacturer—V ol. 19, No. 10 








e 
























Ictober, 1940—A Gulf Publishing Company Publication 









@ The big boy at left, Gentlemen, is a pretty 
good example of what we can do in the way of 
making Tube-Turns for the toughest sort of 
high-pressure piping. 





But even more impressive, we think, is the 
fact that all Tube-Turns—from light-gauge 
elbows, on up to the biggest, heaviest specials— 
are made by exactly the same exclusive Tube- 
Turn process, and give you exactly the same 
qualities of strength, economy and dependability 
in your welded piping. 


Because of their unapproached records of suc- 
cessful use in every line of industry, most 
engineers prefer Tube-Turns. That preference 
is deserved. If you want to know how fully it 
is deserved, read the new Tube-Turn Catalog 
and Data Book No. 109. Ask your distributor 
for a copy, or write us direct. Address: Tube- 
Turns, Incorporated, Louisville, Kentucky. 
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LOW COST 
PRODUCTION 


In 1924—16 years ago—Gray Clay 
Treating Units were first placed in com- 
mercial operation. 

Since that time Gray Clay Treating 
acceptance has increased until today it 
is widely used by all classes of refiners. 
That’s largely because it consistently fits 
the requirements of refiners for econom- 
ically treating gasolines in conjunction 
witha large variety of cracking processes. 

Gray Clay Treating Units will produce 
low gum content gasoline without loss 
of octane number. They will last through- 
out the life of the cracking unit. Often, 
when new cracking units have replaced 
old ones, the Gray Process has again 
been chosen to treat the gasoline. 

In these days, the refiner striving 
for low cost production, will do well 
to consider the Gray Process. Moderate 
installation costs, negligible operating 
labor expense, low cost of adsorbent, 
minimum maintenance, are all definite 
economic advantages. 





THE GRAY PROCESSES CORPORATION 


Licenses granted under United States and Foreign 
Patents by The Gray Processes Corporation 


26 JOURNAL SQUARE JERSEY CITY, NEW JERSEY 
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16 YEARS OF 
CONSISTENT 



























OVER 
7 MILLION 
BARRELS 


In 1926 a certain refiner 
installeda small Gray Clay 
Treating Unit. To date 
this unit has produced 


7,655,000 barrels of low 
gum content gasoline. 
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Y SCIENCE AND TECHNOLOGY ’” 


Abstracts prepared in co-operation with the 


REFINER AND NATURAL GASOLINE MANUFACTURER 
by 
THE LESLIE LABORATORIES 
Traver Road, Ann Arbor, Mich. 


under the supervision of 
DR. E. H. LESLIE and DR. H. B. COATS 




















































The abstracts here presented are selected from the current literature of science and 
technology to afford reference to fundamental information not easily available to all read- 
ers. Abstracts of articles appearing in readily obtainable trade journals are not included. 

Photostat copies of original articles will be supplied at cost by the Leshe Laboratories. 
Complete or limited bibliographies covering special topics by title, by abstracts, or in com- 
plete manuscript, will also be prepared and furnished at reasonable cost by the Laboratories. 











butane are described. The heat capacity of correlations of physical properties of hydro- 


7 
Fundamental Physical and isobutane was determined from 12° K. to the carbons, based upon aniline points, it was 


normal boiling point. The melting point of necessary to determine the aniline point data 

Chemi al Data isobutane is —159.42° C. and the boiling point for the butane hydrocarbons. Because of the 
1c is —11.72° C. The heats of fusion and vapor- low boiling points of the butanes, none ef 

“a: : . ization at the boiling point are 1085.4 cal- the existent methods was applicable to this 

Phase Equilibria in Hydrocarbon  orie-/mole and 5089.6 calories/mole, respec- work. The methods and the apparatus used 


Systems, B. H. Sace, B. L. Hicks, AND tively. The vapor pressure of isobutane from are described. The aniline pont o n-brtane, 


T rs 200° K. 2 ili is Vv by the isobutane, and isobutene were found to_be 

W. N. Lacey, Ind. & Eng. Chem. 32 pci ag he eee Sa ee ee 83.1°, 107.6°, and 14.9°C. respectively. The 
(1940) pp. 1085-92. Log Pmm = —1716.687/T — 6.38879 log T+ critical solution temperatures fos She. same 

ye on ae or: ane + eggs ine ren. ll 0.0024132 T + 24.260325. ana 18°C. venpectivaler ‘Aniline points and 
tant components of naturally occurring hydro- to: . 2Spe a: : oe « 
carbon ican, little information has been The molal entropy of the liquid at the boil- miscibility data of po samba ae gh oe 
available as to the phase behavior of mixtures ing point is 47.94+0.10 eu. The molal olefins are reviewed and presented in tabular 
of these hydrocarbons. Compositions and entropy of the ideal gas at the boiling point and graphical form. 
specific volumes of the coexisting phases of calculated from the experimental data is 
the methane-n-butane system were determined 67.52 + 0.10 e.u. The molal entropy of the s aie 
throughout the two-phase region at tempera- liquid at 298.16° K. extrapolated from the ex- Chemical Com positions 
tures from 70° F. to 250° F. From the data perimental data is 52.09 + 0.10 e.u. The molal 


obtained equilibrium constants for methane entropy of the ideal gas from the experi- d R M4 
and n-butane were computed and are reported mental dota at 298.16° K. is 70.43 + 0.16 e.u. An eactions 


as functions of state. From other unpublished The results of the investigation indicate that "i a 
data the fugacities of the components in the Fwy oo pa cauainer heat capacity data Nitrogen Compounds in Petroleum 


re _— = ee gag bed age on the gas isobutane. The data are presented  Distillates. XVIII. Isolation, Ozoniza- 
ion o 1e materials, anc he methods o tin a ij - r ic ‘ . : : 
gresedure weed ts the work ase G@e-coibed. in some detail in tabular and graphical form tion and Synthesis of 2,4 Dimethyl-8-s- 


Data are presented in detail in both tabular he . butylaquinoline, L. M. SCHENCK AND Jf. R. 
and graphical form. Critical Solution Temperatures and pi Joab. hus, Chdes, San oe C1540) 
LEY, . AM. . IOC. 


ee : : Aniline Points of Some Butane Hydro- 
Boiling Point— Molecular Weight - CG Lune aa a 1 pp. 1967-9, 
‘ = carbons, C. G. LupbEMAN, Ind. & Eng. -s ; 
Chart for Higher Hydrocarbons, D. S. “- Anal. Ed. 12 (1940 446-8 The paper deals with counter-current ex- 
Davis. Ind & E Che 32 (1940 Chem., Anal. Ed. 12 ( ) pp. : traction as used in the isolation of a new 
148.” nad. © “Ng. vem. ( ) p. In order to extend the usefulness of the CisHigN kero base, 2,4-dimethyl-8-s-butylquin- 

A “chart is given correlating the boiling 
points in degrees Centigrade at 1 mm. mercury 
absolute pressure of the higher hydrocarbons 


with their molecular weights and number of 
carbon atoms per molecule. The derivation co hy H RO L co RRO 4 


of the chart is indicated. 


The Heat Capacity and Entropy, and LIVING ORGANISMS 


Heats of Fusion and Vaporization and ) 
the Vapor Pressure of n-Butane, J. G. The Chrom Glucosates compounds developed in the 


rower oo ps (i 40) op 1917-23. Am. HAERING laboratories are regularly used to treat 
em. JOC. . ~40. ® . 
The preparation and purification of n-butane millions of gallons of cooling water for cor- 
are described, The heat capacity of n-butane 
was measured from 12° K. to the boiling point. rosion and algae control. Each of the fol- 
lowing Chrom Glucosates has a specific 
application. 



















The transition point of n-butane was found 
to be —165.60° C., the melting point, 
-189.29° C., and the boiling point 0.50° C. 
The heats of transition, fusion and vaporiza- 
tion at the boiling point were found to be, 
respectively 494.0 + 1, 1113.7 + 2, and 
5351 + 15 cal./mole. The vapor pressure of 
n-butane from 210° K. to the boiling point is 
siven by the equation 
2352.900 
Log»Pnunm. = — — — 16.49230 logyw T + 


0.01111869 T + 48.64763 











Acid Chrom Glucosate 
Sodium Chrom Glucosate 
Cupric Chrom Glucosate 
Quachrom Glucosate 










The molal entropy of the ideal gas at the boil- 
ng point calculated from the experimental 
data is 72.05 + 0.2 e.u. The molal entropies of 
he ideal gas and the superheated liquid at 
98.16° K. are, respectively, 74.0 + 0.2 and 
5.2 + 0.3 e.u, The data are presented in some 
etail in the article in both graphical and 
ibular form. 


Send your samples to our laboratories in Chicago, 
Wichita, Kansas, and New York City for over-night 
service. 


Write for our Chrom Glucosates brochure. 


Have you investigated IN-HIB-CO, our new corrosion 
resistant coating? 


D. W. HAERING & CO., Inc. 
2308 S. WINCHESTER AVE. 
CHICAGO, ILL. 


The Heat Capacity and Entropy, 
eats of Fusion and Vaporization and 
he Vapor Pressure of Isobutane, J. G. 
\ston, R. M. KENNEDY AND S. C. ScHu- 
{ANN, Jour. Am. Chem. Soc. 62 (1940) 
pp. 2059-63. 


The preparation and purification of ~ iso- 
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oline. The structure of this compound was 
established through chromic acid oxidation to 
the known 2,4-dimethylquinoline-8-carboxylic 


acid; ozonization, followed by ozonolysis, to 
yield 2-methylbutanoic acid; and synthesis 
from the intermediates acetylacetone and 


o-amino-s-butylbenzene, The ozonization prod- 
ucts of 2,3,4-trimethyl-8-n-propylquinoline are 
described, and the synthesis of 2,4-dimethyl- 
6-s-butylquinoline and its degradation to 
2-methylbutanoic acid through ozonization 
and ozonolysis are reported. 


Catalytic Dehydrogenation of Repre- 
sentative Hydrocarbons, A. G. OBLAD, 
R. F. MarscHNerR AND L. HEarp, Jour. 
Am. Chem. Soc. 62 (1940) pp. 2066-9. 


The catalytic dehydrogenation of represen- 
tative hydrocarbons is briefly reviewed. In the 
dehydrogenation of a mixture of hydrocar- 
bons such as are contained in petroleum 
naphtha, specific conditions obviously cannot 
be employed for each component. Hence, a 
knowledge of the relative behavior of the 
various hydrocarbons present, when subjected 
to a uniform set of conditions, is desirable. 


The apparatus and methods used in the work 
are described. Representative hydrocarbons 





of all classes were dehydrogenated over 
chromic oxide catalysts under identical high- 
rate, high-temperature conditions. Cyclohex- 
anes were converted to aromatics and prac- 
tically no residual products were formed. 
Paraffins were found to be much less readily 
converted than cyclohexanes, the activity of 
the catalyst steadily decreased, and elemen- 
tary carbon was deposited, Olefins are more 
readily converted than paraffins, but the 
activity decline and carbon deposition are far 
more pronounced, Cyclopentanes dehydrogen- 
ate slowly, but closely resemble olefins in 
depositing large quantities of carbon. Simple 
methylated aromatic hydrocarbons are un- 
affected, but alkyl aromatics with longer side- 
chains, such as ethylbenzene, are slowly de- 
hydrogenated to products that strongly poison 
the catalyst. The residue probably responsible 
consists of tar rather than elementary carbon. 


Formation of Formalin from Methane 
and Air by Direct Oxidation, A. 
Matur AND M. Yasupa, J. Soc. Chem. 
ete 43 (1940) Suppl. Binding, pp. 
117-8. 


Methane from natural gas, in admixture 
with air in a ratio of 7:3, was oxidized by 








IN 
REFINERIES 


water. 





Mechanical Draft Cooling Towers 


Maintenance of production schedules 
depends upon positive control of cooling 


Lowhead, forced draft cooling towers 


are the most modern and effective means 


of meeting refinery requirements. More than 


90 % 


of the Lowhead cooling towers in 


service have been installed in refineries— 
conclusive proof of their special adapta- 
bility to refinery service. 


Advantages of Foster Wheeler Lowhead 


towers 


FOSTER WHEELER 
CORPORATION 


165 BROADWAY 
NEW YORE, N.Y. 


for petroleum refining use include: 


Full capacity in calm, hot weather. 
More compact and efficient. 

Less water loss. 

Positive control over cooling range. 
Low cost—low maintenance. 
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passing it through tubes of pyrex glass, 
quartz, porcelain and copper with NO: as gas 
catalyst and at temperatures of 500-700°C. 
Of the various catalysts studied, UOz and BeO 
gave the most favorable results. The data 
secured in the experiments are presented in 
tabular form. 


The Effect of Surface on Cool Flames 
in the Oxidation of Propane, R. A. 
Day, Jr., AND R. N. PEASE, Jour. Am. 
Chem. Soc. 62 (1940) pp. 2234-7. 


The investigators studied the effect of 
surfaces on cool flames in the oxidation of 
propane, A succession of cool flames occurs. 
Each is accompanied by a rise in pressure, 
and, after several seconds, a faint bluish 
luminescence, This spreads towards the ends 
of the tube and then fades in a few seconds. 
The phenomenon will be repeated several 
seconds later and at intervals until one may 
observe as many as eight or nine such periods 
of luminescence in the space of a minute or 
more. It was found that the cool flame region 
in 1:1 propane-oxygen mixtures is not ma- 
terially affected by etching the reaction tube 
or coating it with potassium chloride. Condi- 
tions in the gas phase apparently control. 
Attention is called to the region of negative 
temperature coefficient of the rate as an 
effective control, leading to successive flames 
and preventing ignition. 


Chemistry of Fischer-Tropsch Oil 
Production, K. C. AppLeyarp, S. African 
Mining Eng. J. 50 (1940) pp. 585-7, 615-17. 


The use of a suitable catalyst and careful 
control of the reaction temperature are of the 
greatest importance in synthesizing liquid 
fuels. The primary reaction may be indicated 
by CO-+ 2H2 = (CH2)x + H20 + 48,000 cal- 
ories where (CH2)x designates a light hydro- 
carbon. Increasing pressure favors the forma- 
tion of alcohols. Increase of hydrogen in the 
reaction gases favors formation of methane. 
Decrease of the concentration of hydrogen in 
the reaction gases favors formation of olefins. 
Increasing temperature favors the formation 
of methane and carbons. Iron, cobalt, and 
nickel, in the order named, increase satura- 
tion and lower olefin content in the reaction 
products, Concentration of CO2 has no influ- 
ence. Increase in the age of the catalyst in- 
creases the light oil fraction at the expense 
of the heavy oil. The raction gas, composed 
of carbon monoxide and hydrogen can be pro- 
duced in several ways from various fuels. The 
procedure used will depend upon economic 
factors, availability of raw materials and 
market for by-products. It is extremely im- 
portant that all forms of sulfur be removed. 
The most suitable catalysts, iron, cobalt, and 
nickel, are discussed, and the physical form 
in which they should be used is considered. 
The process is extremely flexible because of 
the variety of raw materials that can be used 
and the possible control of the products that 
can be made. 


Manufacture: 


Processes and Plant 

Multicomponent Rectification, E. R. 
GruiLanp, Ind. & Eng. Chem. 32 (1940) 
pp. 1101-6. 


For a given separation by rectification, the 
minimum number of theoretical plates re- 
quired at total reflux and the minimum re- 
flux ratio corresponding to an infinite number 
of plates are valuable aid to the designer 
because they define the limits within which 
his calculations must be confined to give an 
operable design. Satisfactory methods for the 
ealculation of both these factors have been 
developed for binary mixtures. However, for 
the case of multicomponent solutions the prob- 
lem is more complex, and only for the case 
of the minimum number of theoretical plates 
at total reflux have suitable methods been 
developed, In the present article, approximate 
equations are derived for the estimation of 
the minimum reflux ratio for multicomponent 
mixtures, and these equations can be used to 
calculate upper and lower limits for the true 
minimum reflux ratio. The use of the equa- 
tions is illustrated by several examples, and 
it is shown that previous methods of esti- 
mating the true minimum reflux ratio can be 
greatly in error. Among the examples con- 
sidered is that of gasoline stabilization. 


Condensation of Vapors on a Hori- 
zontal Tube, E. M. BAKER AND U. TSAO, 
Ind. & Eng. Chem. 32 (1940) pp. 1115-21. 


The extent of the use of steam distillation 
in the organic and petroleum industries indi- 
cates the importance of the problem investi- 
gated. The condensation of mixed vapors is 
almost a virgin field. Such limited work as 
has been done is reviewed by the authors. 
The apparatus used in the present investiga- 
tion is described in some detail. A mechanical 
mechanism of the condensation of the vapors 
of non-miscible liquids was discovered. This 
overshadows many of the effects of the 
physical properties of the condensing liquids 
that influence heat transfer coefficients. From 





















K &M CORRUGATED ASBESTOS 
STAYS MAINTENANCE-FREE AFTER 
13 YEARS’ TOUGH SERVICE IN 
VALLEY FORGE CEMENT CO. PLANT 





@ In the 13-year-old plant of the Valley Forge Cement Company, roof and 
sidewall maintenance have never had a chance to start. Maintenance expense 
was blocked from the beginning by the use of K & M “Century” Corrugated 
Asbestos on the sides and roofs of nearly all the buildings in the plant. 





The conditions are tough, ranging from 100° inside temperatures in the 
kiln building to intense vibration in the crusher house, and the fumes of 
oleic acid and aluminum chloride in the froth-flotation building. In addition, 
the “Century” Corrugated has been exposed to cement and coal dust and 13 
years of weather, all without needing a penny’s worth of maintenance. 


“If we’d known of a better product, either for dependability or economy, 
we'd have used it. We are so well pleased after this 13-year test of the products 
that we automatically renew our orders for them when new work requires it.” 
—Valley Forge Cement Company. 


You can depend on “Century” Corrugated to cut your building maintenance 
costs, too. Write Dept. 05 for complete catalogue information. 


KaM Century” CORRUGATED ASBESTOS 


KEASBEY & MATTISON 


COMPANY, AMBLER, PENNSYLVANIA 
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a study of this mechanism a simple empirical 
equation was derived. This equation correlates 
not only the data for the vapor mixtures 
studied over extensive variations of vapor 
composition and temperature drop for two 
tube sizes, but also correlates the data of 
other workers. A wide range of vapor com- 
position was studied for systems of water 
ps sed mixed with vapors of benzene, toluene, 
chlorobenzene, trichloroethylene and _ tetra- 
chloroethylene, At the eutectic temperature 
both of the non-miscible liquids will coexist 
with their vapors under equilibrium condi- 
tions. The eutectic temperature was used to 
calculate the temperature drops across the 
condensing film. Satisfactory correlations were 
obtained on this basis, but not on the basis 
of the actual vapor temperature less the 
temperature of the tube surface. Data secured 
in the work are presented in some detail in 
both tabular and graphical form, and the de- 
velopment of the correlating equation is 
given. 


Drop-Wise and Film Condensation 
of Steam, F. L. Suea, Jr. ann N. W. 
Krase, Trans. Amer. Inst. of Chem. 
Engrs. 36 (1940) pp. 463-90. 


The literature of film and drop-wise con- 


densation of steam is briefly reviewed. In the 
investigation reported both types of condensa- 
tion were effected, using the same apparatus. 
Steam. film coefficients, for both types of 
condensation were measured on a_ vertical 
plate 23 inches long. An improved method of 
obtaining plate temperatures and heat flow 
has permitted the measurement of drop-wise 
coefficients with a maximum error of about 
20 percent and an average deviation from 
mean values of about 10 percent. Under film 
forming conditions the maximum error is 5 
percent and the avérage deviation less than 2 
percent, The Nusselt equation accurately pre- 
dicts the change in film coefficient with 
length, for film condensation over the range 
studied. It gives absolute values about 10 per- 
cent low on very short plates and about 25 
percent low when the length is 23 inches. 
Drop-wise coefficients vary with the lengths 
of condensers, with steam velocity and with 
heat load. The effect of heat load is small. 
From the range of velocities a graphical 
correlation, based on the frictional force 
exerted by the flowing steam on the con- 
densate was developed. Interpretation of the 
data as dependent on length shows a sub- 
stantially constant increase in resistance per 
foot of added length of condenser. This per- 
mits a prediction of average coefficients for 








Guns Pay Big 
Dividends in 


REFINERIES 


The success of modern equipment in the European 
war should impress every oil man with the need 
for an immediate study of his own equipment. 
Recent advances in Roto tube cleaner design make 
operation with old type guns highly unprofitable in 


refineries. 


The 1940 rapid-action Roto Guns develop such 
speed and power that they reduce cleaning time 
in stills, cracking coils, boilers, etc., up to 30% and 
more. In some cases Roto Guns have saved enough 


a 


Only ROTO Guns 
Can Offer Refiners 


All These Features 


make full use of available air, with- 
out back pressure; 


develop unbelievable speed and pow- 
er, through new design; 


in time, labor and compressor operation to pay 


for themselves in a single cleaning. Their exclusive 
time and labor saving features, listed here, will 
pay you handsome dividends for a long time. Let 


us prove it in your plant. 










The ROTO Company 
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Write for Refinery Tube Cleaner Bulletin 


air valve directly behind the motor 
permits one-man operation and elim- 
inates signalling delays; 


ro self-feeding cage and swing-frame 
heads, universal joints and drills 
have what it takes to do a real job; 


Hr available for straight and curved 
tubes 7/2” to 12” I.D. 


Model 112 Air-driven Motor 
with self-feeding cage-type 
head and air valve for one- 
man operation. 







145 Sussex Ave. 


Newark, N. J. 


"materials, 





longer condensers, which coefficients will be 
in substantial agreement with the data now 
available. 


Economy in Tube Grouping in Round- 
Shell Exchangers, Z. G. Deutscu, Chem. 
& Met. Engr. 47 (1940) pp. 538-40. 


There are many factors in the design of 
shell-and-tube heat exchangers other than 
calculation of the surface required. Some of 
these factors can be considered only on operat- 
ing experience. Others, as the author points 
out, may be understood from a consideration 
of the possible arrangements of tubes. Four 
tube arrangements are discussed in the article, 
with the conclusion that two are to be pre- 
ferred. Selection of the best arrangement is 
facilitated by a tabulation and by charts that 
are presented, and which can be used by a 
designer to avoid duplicating a part of the 
work that has been done by the author. One 
chart gives the relationship of exchanger 
shell diameter and number of tubes contained 
therein. Another gives the relationship of 
path areas inside and outside tubes to num- 
ber of tubes when arranged in certain tube 
groupings. 


Synthesis of Lubricating Oils from 
Chlorinated Fatty Acids,. T. Kuwata, 
H. MATUBARA AND S. ASAHARA, J. Soc. 
‘Chem. Ind., Japan 43 (1940) Suppl. bind- 
ing 80-2. 

The decomposition of saturated fatty acids 
to form lubricating oils of high viscosity 
indexes is accomplished with greater ease if 
the fatty acids are first chlorinated, and acid 
clay is used as a catalyst. To avoid dis- 
coloration and oxidation, enough lime is 
added to remove the liberated hydrogen 
chloride. The greater the degree of chlori- 
nation of the fatty acids, the greater the 
specific gravity, refractive index, viscosity, 
molecular weight and iodine value of the oil. 
The best lubricant was secured when 1.5-2 
atoms of chlorine were used per molecule of 
fatty acids. When lime was used, high-grade 
lubricants were obtained. 


Roofing Felts, D. M. Witson, Petro- 
leum (London) 2 (1940) No. 1, pp. 15-22. 


The history of roofing felts is briefly re- 
viewed. Early products were coated papers. 
The development of tar paper that does not 
require coating treatment after application 
occurred chiefly in America. Many types of 
roofing felts are made today. Bituminous 
roofing felts comprise a saturated fiber base 
coated on one or both sides. The base is made 
on a paper-making machine from rags to- 
gether with jute or Manila fibers. The weight 
of bitumen carried by 100 pounds of the felt 
base will vary from 100 to 180 pounds. The 
asphaltic bitumen used for saturation is 
usually of the straight-run type, having a 
penetration at 25° C. of 100 to 200. To seal 
voids that may remain after saturation it is 
usual to apply a coating of blown bitumen 
with a high melting point that will with- 
stand high sun temperatures. Blown bitumens 
normally have a higher melting point for a 
given penetration than straight-run bitumens, 
and are more pliable over a range of tempera- 
ture. The best blown stocks are made from a 
heavy asphaltic oil and the oxidation is con- 
ducted in such manner as to cause a mini- 
mum loss of light oils. One procedure is to 
blow the bitumen in a partly closed container 
under pressure of about 20-30 pounds per 
square inch. Curves are given that show the 
difference in melting point penetration rela- 
tionship of bitumen blown under pressure and 
under ordinary pressure. A bitumen of high 
penetration index can also be made by fluxing 
a bitumen blown to a high melting point, 
such as 135°C, with some of the distillate 
produced in the blowing process, or with a 
suitable flux oil. A blown bitumen with high 
penetration index shows greater loss on heat- 
ing than those with lower indexes. 


Petroleum Toluol for National De- 
fense, Editorial Staff Chem. & Met. Engr. 
47 (1940) pp. 535-7. 


In accordance with an announcement by 
E. R. Stettinius, member of the National De- 
fense Advisory Commission in charge of raw 
Government action is now being 
taken to stimulate increase in the production 
of toluol. Procurement of this TNT raw ma- 
terial is considered so important that steps 
are being undertaken by the Commission to 
assure added supplies, particularly from the 
petroleum industry. Editors of Chemical and 
Metallurgical Engineering have reviewed the 
literature on the subject for the purpose of 
comparing petroleum processes. The _ steps 
taken in the last war are reviewed, and other 
subjects covered are.the pyrolysis of gases 
and synthetic processes for making toluene. 
Mention is made of:the new Shell Petroleum 
Corporation plant at Houston, Texas, which 
is designed to produce 2 million gallons of 
toluene per year, and which can increase its 
production to 7 million gallons when neces 
Sary. 


Analysis of New Industrial Gas Ap- 
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A full sweep of lubricant with 





At all times you are assured of easy operation .. . fast 


action ... positive shut-off... greater protection against 
corrosion. Just a simple turn of the lubricant screw, at 
the top of the plug shank, forces the lubricant out 
through four holes, and down the channels into the 
chamber beneath the plug. 

The valve is so designed that with every quarter turn 


(all that is necessary to open or close the port) lubricant 


every quarter turn of the plug 


STICK 
LUBRICANT 
GOES HERE 
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from each of the four channels is wiped over the seat- 
ing surfaces. The result is a complete sweep of sealing 
lubricant every time the valve is operated. 

Get in touch with the Walworth jobber in your terri- 
tory. He will be glad to acquaint you further with the 
advantages of Walworth Lubricated Plug Valves, or 
any other of Walworth’s line of valves, fittings, pipes, 


and pipe wrenches. Do not hesitate to consult him. 


VALVES 
FITTINGS 


—e ew, Ww OR T H ( 
60 EAST 


Uo-mMm FAN. Y 
i2nd STREET, NEW YORK 


|and TOOLS | 
Backed by 


DISTRIBUTORS IN rRING eA I 
CITIES THRQUGHOUT THI 


WORLD 


98 Years’ Service 


EE 


Jctober, 1940—A Gulf Publishing Company Publication 








125 


hMAanwva | a ve Sh ee , a | Pp ene lena 













































plications, G. M. Parker, Gas Age 86 
(1940) No. 1, p. 20. 


The non-luminous flame with which natural 
gas is burned in an ordinary manner radi- 
ates little, and in high-temperature furnace 
work dependence is placed on the radiation 
from hot brickwork. Natural gas, however, 
can be reformed to give a gas of lower Btu 
value, but which carries finely divided carbon 
particles that burn in a luminous manner. 
In applying gas reforming to the firing of an 
open-hearth furnace a small _ reforming 
chamber can be built in the air uptakes that 
usually bring hot air from the regenerators 
to the furnace. The reformed gas is injected 
into the furnace in a high-pressure jet of 
natural gas. This procedure results in reduc- 
ing the fuel requirements of an open-hearth 
furnace 7 to 8 percent. If the furnace was 
designed for burning producer gas, part of 
the gas checker work can be used to reform 
the natural gas, By extensive reforming, if 
desired, natural gas can be changed to a gas 
of 150 Btu. heating value that has the burning 
characteristics of producer gas. 


Products: Properties 


And Utilization 


Mechanism of Boundary Lubrication 
Suggested by the Static Friction of 
Esters, A. Focc, Proc. Phys. Soc. (Lon- 
don) 52 (1940) pp. 239-45. 


Steel surfaces at ordinary temperature were 
wetted with each of 10 ethyl esters in the 
series ethyl formate to ethyl stearate, The 
static coefficient of friction was measured in 
each instance, A maximum value of the co- 
efficient of friction was obtained when using 
a compound of molecular weight of 120. This 
is in contrast to previously reported results 
on acids, alcohols and paraffins. If the as- 
sumption is made that the ester molecule 
attaches itself to the metal surface through 
the double-bonded oxygen, and that Ri rep- 
resents the acid and Rez the alcohol radicals 
respectively, It is considered that the maxi- 
mum coefficient of friction will be had with 
that ester in which the R; and O-Rz2 are 
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are equal in weight. Additional studies on 
methyl esters from methyl formate to 
methyl valerate confirm this assumption. 


(Automobile) Engine Deposits and 
the Effect of Some Fuel Additives, 
J. H. Motrer anp H. L. Mor, S.A.E. 
Journal 46 (1940) pp. 250-61T. 


For every set of engine conditions, the pis- 
ton-head deposit reaches a state of dynamic 
equilibrium. Deposition and removal of de- 
posits occur in waves or cycles. Mineral-oil 
or other similar fuel additives can have a 
marked effect on this equilibrium. 


Swelling of Synthetic Rubbers in 
Mineral Oils, F. H. Carman, P. O. 
Powers, AND H. A. Rosinson, Ind. & 
Eng. Chem. 32 (1940) pp. 1069-72. 


Several synthetic rubber compositions were 
subjected to long-time immersion tests in va- 
rious mineral oils. The different oils had a 
markedly different swelling effect; in gen- 
eral, the logarithm of the percent volume 
change varied inversely with the cloud tem- 
perature of a 50 percent mixture of aniline 
and the oil. Previous work in other labora- 
tories has indicated that the gravity index 
can be used as a criterion of swelling caused 
by lubricating oils. The aniline point is be- 
lieved to be more reliable for mineral oils in 
general and is a more easily determined 
measure of swelling than the gravity index. 


A Preliminary Report on the Appli- 
cation of the Mass Spectrometer to 
Problems in the Petroleum Industry, 
H. Hoover, Jr., AND H. WASHBURN, Am. 
Inst. Mining Met. Engrs., Tech. Pub. No. 
1205 (1940) 7 pp. 

Individual components in a hydrocarbon 
gas can be determined with an accuracy of 
better than +5% through use of a mass 
spectrometer which is described, Samples no 
larger than 0.1 cu. mm, at atmospheric pres- 
sure and room temperature can be analyzed. 
The mass spectrometer distinguishes between 
similar hydrocarbons, e.g., between butane 
and isobutane. 


A Large Spinning-Band Fractionat- 
ing Column, R. H. BAKER, C. BARKEN- 
Bus, AND C. A. RosweELi, Ind. & Eng. 
Chem., Anal. Ed. 12 (1940) pp. 468-70. 


The subject of laboratory fractionating 
columns is briefly reviewed, and it is noted 
that the one inherent weakness in all the 
columns mentioned is the relatively large 
liquid holdup. From a study of data on dif- 
ferent types of columns it was concluded that 
the spinning-band type of column has the 
smallest holdup per theoretical plate. A 
70-plate spinning-band column, having a 
holdup of 0.1 cc. per plate was constructed, 
and is described. The column is regarded as 
practical, is inexpensive, and can be used for 
analytical separations using small quantities 
of liquid, 


Kinematic Viscometer for Liquid 
Asphaltic Products, A. P. ANDERSON, 
K. A. WricHT, AND R. L. GrirFin, Ind. & 
Eng. Chem., Anal. Ed. 12 (1940) pp. 
466-8. 

At present the Saybolt Furol viscometer is 
used to determine the viscosities of asphaltic 
liquid road materials, However, the results 
are expressed in empirical rather than ab- 
solute units, and it is necessary to use a num- 
ber of temperatures in order to cover the de- 
sired viscosity range. A new type of kinematic 
viscometer has been developed for measuring 
viscosities in centistokes of the whole range 
of commercial asphaltic liquid road materials 
at a single temperature. This incorporates 
features in design to facilitate the operations 
of filling, adjustment of hydrostatic head, and 
cleaning. Three capillaries of decreasing bore 
diameters arranged in series with intervening 
bulbs permit measurements of viscosities over 
an extended range without changing capil- 
laries or pressures, as is necessary in other 
types of instruments. The instrument is de- 
scribed in some detail, the method of opera- 
tion is given, and a comparison of data for 
different types of viscometers. 


Accurate Timing Equipment for Vis- 
cosity Determinations, E. M. Fry, JR, 
AND E, L. BALDESCHWIELER, Ind. & Eng. 
Chem., Anal. Ed. 12 (1940) pp. 472-3. 


The determination of viscosities requires 
close control of both time and temperatures. 
The timing problem has been particularly 
difficult to solve, since one is concerned not 
only with absolute time, but also with being 
able to reproduce short-time intervals with a 
high degree of accuracy. A method and an 
apparatus for obtaining accurate timing for 
short intervals are described. The accuracy is 
better than + 0.1 percent of intervals of 1006 
seconds or over. 
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More Dubbscracked Gasoline 


Today ten more refiners are making Dubbscracked gasoline in United 
States and Canada than were making it a year ago—or are building Dubbs 
units—adding more than 16,500 barrels a day to rated Dubbscracking capacity 





That’s lucky for those refiners, it’s lucky for the marketers who sell 





their gasoline— it’s lucky for the motorists who buy it 
Last September, 62 American and Canadian refiners were producing 
Dubbscracked gasoline or getting ready to Today there are 72, and here 
they are: 
Arro Om & Rerininc Co Lewistown, Mont Matco Rerineries, Inc Artesia, New Mexico 
AsHLAND Om & Rerininc Co Ashland, Ky McMurrey PetroLteum Corp Tyler, Texas 
Aurora GASOLINE Co Detroit, Mich Mip-West ReFineries, Inc Alma, Mich 
Wichita, Kansas Mouawk Petro_eum Corp Mopeco, Kern Co, Cal 
Bareco Ou Co Corpus Christi, Texas Napu Sot Rerininc Co Muskegon, Mich 
; McPherson, Kansas Coffeyville, Kansas 
Bay Peraotzum Conr tea Colorado Nationat Rerininc Co a indlay, Ohio 
Bett Om & Gas Co Grandfield, Okla NortHwest Rerinine Co Cut Bank, Montana 
Ben FRANKLIN REFINING Co Ardmore, Okla P R Cc P Il 
Berry, JAMES B Sons ComPANY Oil City, Pa Ah ee —" 
Bic West On Co Kevin, Mont Pp R C } Lueders, Texas 
Brack Gop REFIninc Co Oklahoma City, Okla SEES ee W ichita Falls, Texas 
Canton ReFininc Co Canton, Ohio Pennzoit Co Oil City, Pa 
CONTINENTAL Ot Co Ponca City, Okla P ; Kansas City, Kansas 
ConTINENTAL ReFintinc Company Oil City, Pa HILLIPS PETROLEUM COMPANY Okmulgee, Okla 
CoopeRATIVE REFINERY AssociATION Phillipsburg, Kansas ; 
Cosco O11 Co Wynnewood, Okla Farmers Valley, Pa 
CospEN Ou Corp Big Spring, Texas Quaker State Ow ReFininc Corp | Emlenton Pa 
Cusuine Rerininc & Gasotine Co Cushing, Okla ; St Marys, W Va 
Longview, Texas Root PetroLeum CoMPANY El Dorado, Arkansas 
Dancicer Ow & Rerineries Inc Pampa, Texas Roruscuitp Or Co Santa Fe Springs, Cal 
Deep Rock O1 Corp Cushing, Okla SHamrock Om & Gas Corp Moore County, Texas 
Dersy Om CoMPANyY W ichita, Kansas Dominguez, Calif 
Eacie On & Rerininc Co Santa Fe Springs, Cal East Chicago, Ind 
ELk ReFininc Co Falling Rock, W Va Houston, T exas 
Ex Teson On & Rerininc Corp Bakersfield, Cal Suett On Co Inc Martinez, Calif 
Empire Om & Rerininc Co Ponca City, Okla ane La i 
ton, i 
FLETCHER Om Co Inc Los Angeles, Cal Wood River, Ill a4 
FREEDOM O1L Works Co Freedom, Pa Soca. On & REFINING Co Huntington Beach, Cal 
Gracier Propuction Co Cut Bank, Mont Socony-Vacuum Ow Co, Inc Trenton, Mich 
Gramps Ow & Rerininc Corp Alamosa, Colorado (White Star Division) a . 
(L M Hughes) Sranparp O1 Co or CALIFORNIA naan o> | 
Home Ow & Rerininc Co Great Falls, Mont ichmond, Calif 
Sunray Or Co Allen, Okla 
INDEPENDENT REFINING Co Laurel, Mont 
INDEPENDENT REFINING Co Arp, Tex Tatco Aspuatr & Rerininc Co Mount Pleasant, Texas 
INLAND Empire REFineries INC Spokane, Wash Unrrep Rerininc Co W arvin; Pennsyléania 
Jounson Om Rerininc Co Cleveland, Okla VALLEY REFINING Co Roswell, Wien Méitan 
KENDALL REFINING Co Bradford, Pa Vickers PetroLeum Co Potwin, Kans 
' Wacconer Rerininc Co, Inc Electra, T 
Al q 9 a, 4 exas 
LEONARD REFINERIES INC 13 pa “ey h Witcox, H F Om & Gas Co Bristow, Okla 
hepa eee Wusuire On Co, Inc Santa Fe Springs, Cal 
LoutsvitLe Rerinine Co Louisville, Ky Worverine-Empire ReFininc Co Reno, Pennsylvania 
CANADA 
Ancto-CaNnapIAN Ors, Lrp, Brandon, Manitoba Goon Ricu Rerininc Co, Port Credit, Ontario 
BritisH AMERICAN O1t ReFineries, Ltp, Toronto, Ontario Lion Rerininc Co, Calgary, Alberta 
CanapIAN Om Companies, Ltp, Petrolia, Ont NortH Star Outs, Lrp, St Boniface, Man 
Consumers CooperATIvE ReFineries, Ltp, Regina, Sask Suet, Om Company or Canapa, Lrp, Montreal, Quebec 


Is your name written there? It ought to be 


Universal Oil Products Co 
Chicago, Illinois 


Dubbs Cracking Process 
Owner and Licensor 
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New Equipment for the Modern Plant | 





Regulator 


PITTSBURGH EQUITABLE METER 
COMPANY 


A regulator of high-pressure-bal- 
anced-valve design fitted with a stand- 
ard pilot loading head and an orifice 
plate set at the outlet of the main regu- 
lator to provide automatic loading has 
been announced by Pittsburgh Equit- 
able Meter Company, Pittsburgh. 





Emco Automatic Loading Regulator 


As the flow rate increases through 
the regulator, the pressure differential 
increases across the orifice plate with 
the square of the velocity. The differ- 
ential pressure is led by means of 
piping to a differential diaphragm head. 


The diaphragm head has mounted on it 
a pilot loading regulator, so connected 
to the differential boosting head that as 
the differential pressure across the head 
increases, the pilot loading regulator 
diaphragm is more heavily loaded. This 
has the same effect as increasing the 
control spring loading. With increasing 
flow rate, the orifice differential in- 
creases, which in turn increases the 
loading on the differential boosting 
head. This results in an increased load- 
ing of the base pressure pilot regulator 
and raises the outlet pressure. To pro- 
vide a maximum limit as a safety or a 
point beyond which the regulator can 
not boost the pressure, a pilot loading 
regulator is set in series ahead of the 
pilot loading regulator. 

Separate assemblies are used to make 
up the component parts in this system 
of loading to make it possible to adapt 
the loading system to existing regula- 
tors and to regulators now equipped 
with nilot loading heads. The actual! ar- 
rangement of the parts can be varied 
so as to provide the most accessible 
and corventent énstallation or to con- 
form with the dimensions of any vault 
or regulator house. 


Water Detector 
WATERTECTER COMPANY 


A chemical paste which, when spread 
in a thin layer upon-a gauge stick, indi- 
cates the water level in a tank of gaso- 
line, crude or fuel oil, has been an- 
nounced by Watertecter, 1816 Statler 
Hotel Building, Buffalo, New York. 

Pink in color and marketed in a tube 
container, the paste turns to white 10 
seconds after immersion in water. It 
retains its original pink color above 
the water line. 


















service. 


Extremely accurate. 





THE WATCH DOGS IN YOUR PLANT! 


Silent watch dogs that never fail to 
indicate correct temperatures. Trust- 
worthy . .. reliable . . . dependable. 
Made correctly to give many years of 


PALMER “Red-Reading-Mercury” In- 
dustrial Thermometers, with wide RED 
column, plain to see anywhere. 


PALMER “Superior” Dial Thermometer, 
Mercury-Actuated . . . Sturdy built... 


(Write for new catalog No. 200-F) 
See detailed data, page 261, 1940 Refinery Catalog 


THE PALMER CoO. 


Manufacturers: Industrial, Laboratory, Dial and 
Recording Thermometers 


2513 NORWOOD AVE., CINCINNATI 
King & George Sts., Toronto, Canada 





NORWOOD, OHIO 
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Reversible Wrenches 
CHICAGO PNEUMATIC TOOL 

COMPANY 

Three new reversible wrenches, with 
bolt size capacity of %-, %-, and %- 
inch, respectively, have been announced 
by Chicago Pneumatic Tool Company, 
6 East 44 Street, New York. 

They employ slow speed rotary mo- 
tors, have no gears, use a springless 





Chicago Pneumatic’s 
Reversible Wrench 


driving unit, and have short overall 
lengths and tapered nose ends. Each 
model has an 8-foot 5/16-inch air hose 
and fittings as standard equipment. 

Model CP 344-R, of %-inch bolt size, 
is 6% inches overall; has spindle offset 
of 1% inches, %-inch square shank, and 
weighs 4% pounds. Model CP 349-R, of 
¥%-inch bolt size, is 934 inches overall; 
has spindle offset of 15¢ inches, %4-inch 
square shank, and weighs 9% pounds. 
Model CP 360-R, of 34-inch bolt size, 
is 10 inches overall; has spindle offset 
of 1% inches, a %-inch square shank, 
and weighs 13 pounds. 


Remote Indicating System 


TAYLOR INSTRUMENT COMPANIES 

A new pneumatic system for correlating 
temperature, pressure, flow or liquid-level 
data on a centralized panel or in a control 
room, designated Taylor remote pneumatic 
transmission system, has been announced 
by Taylor Instrument Companies, Roches- 
ter, New York. 

Utilizing standard Taylor instruments, 
the system may consist of one or two 
transmitters connected to a receiver, or 
one or more receiving instruments, not 
necessarily near each other, and as far as 





Taylor Indicating Transmitter 

















THE RIGHT VALVE IN THE RIGHT PLACE 


retains its strength and toughness at operating tem- 


It is just about an axiom of refinery operation that 
fitting the valve to the service pays well — not only 
in reduced valve replacement and maintenance costs, 
but also in the avoidance of expensive and trouble- 
some interruptions to service. 

In cases where operating temperatures run up to 
1200° F. and there is a likelihood of corrosion, Chro- 
mium-Molybdenum (high Chromium) steel is proving 
to be the valve material that “fits the service”. 


This steel has excellent resistance to creep and 


PRODUCERS OF MOLYBDENUM BRIQUETTES, 


Clima 
500 Fi r:) 


October, 1940—A Gulf Publishing Company Publication 


FERRO-MOLYBDENUM, 


peratures. Furthermore, its resistance to the corrosive 
action of hot petroleum liquors has a marked effect on 
valve life. 

Complete data on Chromium-Molybdenum and 
other heat-resisting Molybdenum steels for refinery 
use are contained in Section 8 of our technical book, 
“Molybdenum in Steel”. Either the complete book or 
the individual section will be sent free on request to 


interested executives or engineers. 


AND CALCIUM MOLYBDATE 


m pany 


k City 
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You’re Money Ahead 
with 
MICASIGHT 
SAFETY 
GAGES 


Remove the Danger of Flying Glass 


Your tanks and vessels need this temperature-defying 
MICASIGHT to make safe the important job of watching 
liquid levels. You’re money ahead when you remove 
danger of flying glass—avoid loss of liquid and possible 
fire hazard. 


Leakproof Micasight Inserts install quickly in your pres- 
ent gage valves or in long-lasting Reliance Forged Steel 
Valves, Can be illuminated for bright sharp reading. 
Install this praise-winning safety gage as hundreds of 
progressive engineers have done . . . Write today for 
MICASIGHT Bulletin. 


THE RELIANCE GAUGE COLUMN CO. 


5902 Carnegie Avenue, Cleveland, Ohio 


UNIFORMLY FULL ENGINEERED FOR 
PIPE THICKNESS UNIFORM STRENGTH 


| Spore one of these features guards 

against trouble and delay on the 

job. You'll find them combined only 
in WeldELLS 


Seamless For Faster 
Pipe Fittings e Easier Welding 


TAYLOR FORGE & PIPE WORKS: General © 
New York Office: ! hur St. Philadelphia Office: Broad Street Station Bldg 


i Work chicago, P. O. Box 485 
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1000 feet from the transmitter. Transmit- 
ters or receivers may be indicating, re- 
cording or controlling types. Quarter-inch 
copper tubing is the means of connection 
for the air transmitting medium. 

The system is described as accurate 
within 1 percent of the scale range when 
properly installed, and speed of response 
of the receiver to changes in output air 
pressure from the transmitter is largely 
dependent upon distance, maximum lag said 
to be 1 second per 100 feet of connecting 
tubing. 

The system is designed to do away with 
electrical circuits in explosive atmospheres, 
and to measure, transmit and receive con- 
tinuously regardless of electrical current 
failures. The operator out on the unit 
is provided with an indicating or recording 
instrument for observation, eliminating the 
necessity of returning to the main control 
board to check performance of the unit. 


Adjustable Wrench 
BONNEY FORGE & TOOL WORKS 


A line of open-end adjustable 
wrenches in 4-, 6-, 8-, 10- and 12-inch 
lengths with capacities % to 1-7/16 
inches has been announced by Bonney 
Forge & Tool Works, Allentown, 
Pennsylvania. 


Bonney Adjustable Wrench 


Drop forged of alloy steel, with 
handle and jaw hardened and tempered 
in oil, they are designed with four 
tempered threads meshing in the forged 
jaw to permit pressure on the handle 
and to preclude breaks or wear in the 
gear teeth. Jaws are designed to fit 
square or hexagon nuts. The wrenches 
are chrome plated with polished jaws. 


Vented Plug Clamp 
M. B. SKINNER COMPANY 

A plug clamp for high-pressure pipe 
lines designed so that the pressure vents 
while the clamp is being placed in position, 
followed by closing of the plug, has been 
announced by M. B. Skinner Company, 
South Bend, Indiana. 

The head of the clamp consists of a 
malleable iron cylinder resting on a pres- 
sure-distributing base, anchored to the pipe 


Skinner’s Vented Plug Clamp 
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CONSTRUCTION 
ORGANIZATION 


FOR THE 
PETROLEUM INDUSTRY 
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INDIVIDUAL requirements of refineries, large and small, 
have been thoroughly anticipated in the organization of 
Graver’s Construction 1 .:vision—formed to effect econom- 
ical and competent erection of equipment and other facili- 
ties for the Petroleum Industry. 































Although no engineering or designing is included in the ac- 
tivities of this division, it is fully equipped with all of the 
tools, erecting equipment, and personnel to assure efficient 
handling of any construction project, regardless of size. 
These facilities, combined with Graver’s complete access 
to skilled labor in all areas, mean that each Graver client 
can count on speedy erection and “on time” completion. 


You may need to erect just one processing unit, or perhaps, 
a small pipe job, and then again, you may want a complete 
refinery. But whatever you do require you'll find that 
Graver’s Construction Division can do the job—and do it 


right! 


————— ee 


Why not ask for complete details? Just address Graver 
Tank & Mfg. Co., Inc., 332 S. Michigan Ave., Chicago, or 
424 Madison Ave., New York City. 


@GRAVER IS NOT MARKETING ANY PATENTED 
PROCESS PARTICULAR TO THE OIL REFINING 
INDUSTRY, AND MANUFACTURES NO SPECIAL 
PATENTED PROCESS EQUIPMENT. 












ABOVE: Three pictures showing progres- 
sive stages in the erection of equipment by 
Graver at the refinery of a major oil com- 


| GRAVER TANK & MEFG.CO.[NG 


OVER THREE QUARTERS OF A CENTURY OF DEPENDABLE SERVICE 0 
NEW YORK CHICAG 
EAST CHICAGO, IND. TULSA 


CABLE ADDRESS—GRATANK 








Two C-F Low- Pressure 

Regulators with Auto- 

matic Cut-Off on a 
Texas gas line. 








If 
GAS SUPPLY 
SHOULD FAIL 





HE two C-F Low-Pressure Regulators with Automatic Cut-Off 

here seen, are on a gas line of a Texas refinery owned by 
one of the great oil-producing companies, Like all C-F low- 
pressure Regulators, they afford protection in case of failure 
of gas supply. Their merits include sturdy construction, sure 
precision, and long life as well. as easy installation and main- 
tenance. Write for new Catalog. 


The CHAPLIN-FULTON MFG.CO. 
28-40 PENN ave DYCO DO virrssurcn,pa 











New GASKET 
Handbook and Catalog 


64 fact-packed pages of ad- 
vanced engineering data... 
complete size and price infor- 
mation . . . many new and 
improved products . . . pro- 
fusely illustrated . . . concisely 
written ... to offer time-saving 
reference. 


Your copy sent on request, 
GOETZE GASKET & PACKING CO., Inc. 


8 Allen Avenue, New Brunswick, N.Jd. 
Branch Offices in Principal Cities 
“America’s Oldest and Largest industrial Gasket Manufacturer” 















by bolts and straps. The cylinder is fitted 
with a rubber-faced metal piston operated 
by a heavy thrust-screw gasket surface 
2-3/16-inch in diameter. 

The lower rim of the gasket is armored 
with a brass band to prevent burning in 
the last stages of shutting off and to pre- 
vent rubber from escaping through the 
vent. The bottom of the gasket is ground 
to fit curvature of pipe, and the piston is 
keyed in the cylinder to prevent rotating 
out of position while thrust screw is being 
tightened. 





Discharger 

COCHRANE CORPORATION 

| A discharger, essentially a positive- 

| acting trap designed to handle large 

| quantities of condensate or carryover 
at relatively high pressures, has been 

| announced by Cochrane Corporation, 

| 17 Street and Allegheny Avenue, 

| Philadelphia. 





Cochrane Discharger 


The device, by means of a pilot valve, 
applies steam line pressure to open the 
discharge valve. Displacement weights 
of different densities move the pilot 
control valve. When the pilot valve has 
opened, steam is admitted to the top 
of the main valve piston, opening the 
discharge valve. Drains are discharged 
from the bottom of the body through 
the eduction pipe to the outlet. 





Turbine Pumps 
POMONA PUMP COMPANY 

Redesign of its line of 6-inch me- 
dium-capacity vertical turbine pumps 
to obtain higher efficiency and better 
performance has been announced by 
Pomona Pump Company, 611 East 








Pomona’s redesigned vertical turbine 
pump. Insert shows cross section view 
of pumping stages with newly designed 
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impellers and seats. 
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PLANTS} 


The acceptance of Vogt heat transfer 
equipment for advanced engineering 
design and continuous, trouble - free 
service is evidenced by its selectionfor 
outstanding catalytic process plants 
now operating and under construction. 


HENRY VOGT MACHINE CO., INc. 
LOUISVILLE, KENTUCKY 


“ @ CHICAGO ® CINCINNATI @ ST. LOUIS @ 
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Commercial Street, Pomona, California. 
Impellers and seats have been im- 
proved. 

The redesigned pump requires a 7%4- 
horsepower motor, against a 10-horse- 
power unit for the old model, to pump 
100 gallons per minute against 110-foot 
lift in a well with 50 pounds pressure 
above. Efficiency of the pump for this 
head capacity has been increased 6% 
points, number of stages has been re- 
duced one fourth, and initial cost has 
been lowered 20 percent. 

The pumps are water-lubricated, with 
no stuffing box below ground level; 
the semi-open impeller can be adjusted 
from the surface for wear and for 
changing capacity, and the pumps are 
described as non-sandlocking and non- 
gaslocking. 


Portable Cutting Machine 
THE HARRIS CALORIFIC COMPANY 


A new portable motor-driven gas 
cutting machine, designed for cutting 
steel of light or heavy section and to 
enable metal working shops and manu- 
facturers to replace castings and forg- 
ings with parts flame-cut from steel 
plate, has been announced by Harris 
Calorific Company, Cleveland. 

Designated Model K, it is powered 
by a Universal electric motor and will 
cut straight lines of any length, with 
square or beveled edges; 1- to 86-inch 
diameter circles; and has a speed range 
from 3 to 60 inches per minute, forward 
or reverse. An instant stop feature per- 
mits cutting sharp angles, and a trac- 
ing feature provides for cutting irregu- 


LIGHTWEIGHT LINING 


GIVES HIGH INSULATION 
IN PORTABLE PIPE STILLS! 





LUMNITE Jinings help make portable stills 
really portable! 


The Problem: What lining for a portable 
pipe still has satisfactory refractory 
properties .. . provides high insulation 
..and yet is light in weight? 
The Solution: The R. B. Millard Engi- 
neering Company, in California, found 
the answerin Refractory Concrete made 
of LUMNITE and insulating aggregates. 
With this monolithic lining, they got 
the insulation needed to cut heat loss 
and protect the shell, at the same time 
reducing the total weight of the still. 
Elimination of joints and close contact 
with the steel means greater protection. 


Other manufacturers of such equip- 


ment are also taking advantage of the 
light weight of Refractory Insulating 
Concrete made with LUMNITE. Cast in 
place to fit the job, the linings are simple 
to install even in small diameter shells 
and against irregular surfaces. 


Because of its adaptability, low first 
cost and easy maintenance, refinery op- 
erators and builders turn to LUMNITE 
for protection against heat and corro- 
sion. For detailed information, write 
for “Oil Refinery Manual.” Atlas 
LUMNITE Cement Company (United 
States Steel Corp. Subsidiary), Dept. 
R-5, Chrysler Bldg., New York City. 
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Harris Calorific Cutting Machine 


lar forms. Instant reversing is pro- 
vided by a switch. 

The unit, which weighs 45 pounds, 
obtains traction through two hardened 
drive wheels. Swivel follower wheels 
provide 4-point support, and an oiling 
feeder line provides lubrication to all 
bearings. 

Torches to use acetylene, propane, 
natural gas and other fuel gases in 
combination with oxygen are available 
for use with the machine. Standard 
equipment includes cutting torch and 
tip, torch mounting, circular cutting at- 
tachment, 5-foot track, and electric 
socket plug. 


Drum Type Switch 
CUTLER-HAMMER, INC. 


A drum type master switch provid- 
ing 3-wire control for machine tools 
and other equipment has been an- 
nounced by Cutler-Hammer, Inc., Mil- 
waukee. 
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Cutler-Hammer Drum Type Switch 


The switch is designed to afford func- 
tions equivalent to two- and three-but- 
ton heavy duty push button stations, 
and is offered for use where operat- 
ing lever is preferred. Three kinds of 
construction are available, surface, cav- 
ity and panel mounting, and two kinds 
of handles, standard and pistol grip. By 
removing a stop post, the drum may 
be converted from non-reversing to re- 
versing. 


Volt-Ammeter 
GENERAL ELECTRIC COMPANY 

A portable hook-on volt-ammeter for 
measuring alternating current and volt- 
age has been introduced by General 
Electric Company,. Schenectady, New 
York. It is designed for instantaneous 
reading of alternating current on both 
insulated and non-insulated conductors 
by hooking the instrument around the 
line. For voltage readings, it is neces- 
sary to connect two leads furnished 
with the instrument and then flip a 
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MAKING ASSURANCE 


DOUBLY SURE... 


THE USE of the Furfural Refining Process, or the 
Solvent Dewaxing Process is the first assurance of high 
operating efficiency at low operating cost—but that is 


not all. 


To assure the latest technical improvements—and 
greatest efficiency of plant operation, the Texaco Devel- 
opment Corporation supplies all technical information 


for the design of the licensee’s plant. 


After the plant has been constructed by an accredited 
construction company, the Texaco Development Cor- 
poration cooperates in putting it into quick operation 
by making available its own highly trained personnel 
to start the plant, and to train the licensee’s men to operate 


it efficiently in the shortest possible time. 


in all cases the licensee, with its own personnel, makes 


the acceptance test of the completed unit. 





TEXACO DEVELOPMENT CORPORATION 


A Subsidiary of The Texas Corporation 
26 Journal Square . Jersey City, N. J. 
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thumb-manipulated selector switch to 
the desired voltage position on the 
scale. 

It is designed for use on conductors 
of 2-inch maximum diameter, small 
enough to get into tight places, and 
light enough to be hung from a line- 
man’s belt. Four current ranges, 
0-15/60/150/600 amperes, and two volt- 
age ranges, 0-150/600 volts, are avail- 
able at setting of a 6-position snap 
switch. 

The transformer, indicating instru- 
ment, internal resistors for extending 
the range, and selector switch are all 
mounted in a_ textolite case. The 
handle, molded as part of the case, is 
designed to provide insulation and 
safety for the operator. A slot for a 
carrying strap is molded in the handle. 


ONTROL Xx LIQUIDS 


oF ANY cravity, TEMPERATURE 
OR WORKING PRESSURE 


WITH 








Hanlon-Waters Type 850 
LEVEL CONTROLLER 





Ask the Men Who 
OPERATE THEM 


They are our Best Salesmen 
EA LES ARO RL TOGA ALE AAR 


THE ONLY LEVEL CONTROLLER WITH 


STUFFING BOX 
NO. - « « « LEAKAGE 
coc ec ec oo « MRICTION 











H-W TYPE 850 IS SATISFACTORILY 
HANDLING PROBLEMS THAT WERE 
CONSIDERED IMPOSSIBLE 





Coniplete information and prices available at your 


nearest HANLON-WATERS Branch. 


HANLON-WATERS, INC. 


TULSA, OKLAHOMA 


Chicago, Pittsburgh, Philadelphia, St. Louis, Denver; 
Shreveport and Lafayette, La.; Fort Worth, Houston, 
Corpus Christi, Longview and Odessa, Texas. 
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Alloy 
COLONIAL ALLOYS COMPANY 

Addition of Colalloy No. 301 to its 
line of light alloys has been announced 
by Colonial Alloys Company, East 
Somerset and Trenton Avenue, Phila- 
delphia. 

The material, on the basis of a 
Tinius Olsen test, showed ultimate ten- 
sile strength of 72,110 pounds per square 
inch, 32 percent elongation in 2 inches, 
57,530 pounds per square inch yield 
point, 16.5 percent reduction of area 
in original section, and 109 Brinell. 

It is described as lending itself to 
gas welding, spot welding, seam weld- 
ing, arc welding, brazing, soldering, 
chemical fusion welding and reaction 
soldering; as non-magnetic and non- 
sparking, and as approximately 66 per- 
cent lighter than steel or iron and 70 
percent lighter than brass, copper, 
nickel, bronze or their alloys. 


Air-Cooled Transformer 


WESTINGHOUSE ELECTRIC & 
MANUFACTURING COMPANY 
Air-cooled transformers of advanced 

design to provide a higher factor of 

operating safety, designated Type ASL, 
have been announced by Westinghouse 

Electric & Manufacturing Company, 

East Pittsburgh, Pennsylvania. 
Designed for installation in buildings 

where safety is essential, the units have 

60-cycle ratings ranging from 150- to 
500-Kva inclusive for single-phase and 

150- to 1000-Kva inclusive for 3-phase, 

voltages 13,200 and below. 

The housing is constructed of ex- 
panded metal finished in a black baked- 
on moisture-proof enamel to permit a 
free and easy flow of air from all sides 
and to provide safety against accidental 
contact with live terminals. The pri- 
mary and secondary coils are separated 
by spaces through which a stream of 
air circulates. Windings are designed 
for a 75° C. temperature rise under con- 
tinuous full-load operation. 

Heat - resisting insulation, including 
porcelain, asbestos, mica, glass and air, 
are used throughout. 


Boiler Feeder 
W. M. ACKER ORGANIZATION, INC. 

An automatic system for steam 
drainage and boiler feeding, designed 
to deaerate water fed to boilers, liberat- 
ing oxygen and non-condensable gases 
detrimental to metal under heat and 
pressure, has been announced by W. M. 
Acker Organization, Inc., 3167 Fulton 
Road, Cleveland. 

The design of the equalizer empha- 
sizes new features in the rocker section 
which bears the brunt of mechanical 
operation. The naval bronze female 
trunnion receives direct support from 








Acker Organization’s Equalizer 





a bearing unit composed of two split 
bearings cast integral to insure perma- 
nent alignment and located in the cen- 
ter of the recker section, carrying the 
full load of the tilting mechanism. No 
weight rests on the packing. 

Male steam end and water end are 
bolted independently to a heavy bridged 
base to hold all elements in rigid align- 
ment. Other features include stuffing 
boxes with split packing glands held 
by T-head bolts; Alemite fittings for 
lubricating bearings and packing, A. S. 
M. E.-certified heavy galvanized steel 
tank, dirt-proof bumers, and union tank 
connections. 


Gas Absorber 


THE PATTERSON FOUNDRY AND 

MACHINERY COMPANY 

A new line of gas absorbers, equipped 
with turbines de- 
signed to secure 
intimate contact 
in breaking up 
the solution, has 
been announced 
by The Patterson 
Foundry & Ma- 
chine Company, 
East Liverpool, 
Ohio. They are 
available in a 
wide range of size, 
and are built of 
plain and _stain- 
less steel as well 
as of a variety of 
non-ferrous 
metals. 





Patterson 
Gas Absorber 
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FRACTO 


CONDENSERS 


for High Pressure 
and Temperature. 


Sar. 


Also Heat Exchangers for Vac- 
uum and Atmospheric Service. 


S\ Patented in the United 


eee) 
C. H. LEACH CO., Inc. 


117 Liberty Street, New York, N. Y. 


States and Foreign 
Countries 
























